Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



WORl 



i 




SAFE EAILWAY WORKING 

A TREATISE ON 

EAILWAY ACCIDENTS : THEIE CAUSE 

AND PREVENTION 

WITH A DESCRIPTION OF MODERN APPLIANCES 

AND SYSTEMS 

TO WHICH ABB ADDED 

Numerous Sllustrattond of Hocomottbe '£ncs(nes( 

BY 

CLEMENT E. STRETTON, C.E. 

AUTHOR OP "the HISTORY OF THE LKICE8TBB AND 8WANNINOT0N BAIL WAT," 

"locomotive development,'* "notes on railway brakes/' 
"valve gear,'* "electric liohtino," etc., etc. 

SECOND EDITION, ENLARGED 




Qx^\k 



LONDON 

CROSBY LOCKWOOD AND SON 

7, STATIONERS' HALL COURT, LUDGATE HILL 

1891 

\_All Hijhts reserved'] 




///J^S 



PEEFACE TO THE 8EC0;ND EDITION. 



During the year 1885, several members of both 
Houses of ParKament, and others interested in the safe 
and proper working of railways, applied to the Author 
for information relating to the causes of the various 
so-called railway accidents, and also as to the altera- 
tions, improvements, and appliances which might be 
considered absolutely essential to the safety of the 
general pubb'c and of the railway servants. A list of 
twenty three requirements was drawn up, which in 
the opinion of the writer were at that time (November, 
1885), and still are, necessary, and will have to be 
adopted and brought into general use before any great 
improvement in railway safety can be looked for or 
expected. 

At the expressed desire of engineering friends, as 
well as railway officials, servants, and passengers, the 
Author was induced to prepare the First Edition of the 
present work to explain and illustrate the various 
mechanical appliances which conduce to the safety of 
railway travelling. 

From the time he entered the engineering profes- 
sion, twenty -five years ago, the Author has devoted 
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much time and attention to the examination of appli- 
ances for railway safety, and having no interest of any 
kind in any appliance or apparatus used on railways, 
he can safely affirm that the views and opinions herein 
expressed are impartial, and based solely upon expe- 
rience derived from a personal examination of the 
wrecks or debris of' all the more serious accidents for 
many years past. 

Since the first publication of this volume, four years 
ago, several events of interest and importance in rela- 
tion to its subject have occurred — for instance, the 
serious accident at Hexthorpe ; the terrible collision at 
Armagh (the most serious which has ever happened 
on British railways) ; and the collision at Carlisle ; and 
by the Railway Regulation Act of 1889, the use of 
many of the safeguards contained in the Author's 
suggestions has been made compulsory. 

To further elucidate these matters a Supplementary 
Chapter (commencing page 171) has now been added 
to the volume, in which new chapter will be found also 
several illustrations of early locomotive engines. 

Clement E. Stretton. 

40, Saxe-Cobubq Stbeet, Leioesteb. 
IZrd January J 1891. 
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SAFE RAILWAY WORKING. 



CHAPTER I. 

SUMMARY OF ACCIDENTS ON RAILWAYS DURING THE 
YEAR 1889 AS REPORTED TO THE BOARD OF TRADE. 

39 COLLISIONS between passenger trains or parts 
thereof. 

39 collisions between passenger trains and goods 
trains. 

28 collisions between goods trains or parts thereof. 

44 cases of passenger trains or parts thereof leaving 
the rails. 

13 cases of goods trains or parts thereof leaving the 
rails. 

8 cases of trains travelling in the wrong direction 
through facing points. 

30 cases of trains running into stations at too high 
a speed. 

136 cases of trains running over cattle. 

44 instances of trains running through gates at level 
crossings. 

239 failures of axL s. 

9 failures of couplings. 
668 failures of tyres. 

B 
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2 failures of wheels. 

3 failures of ropes used in working inclines. 

4 failures of bridges. 
262 broken rails. 

12 eases of flooding of permanent way. 
10 slips in cuttings or embankments. 

8 fires in trains. 

The necessity for high platforms and continuous 
footboards is plainly shown by the fact that no less 
than 15 passengers were killed and 44 injured by fall- 
ing between carriages and platforms. 

9 passengers were killed and 522 injured by falling 
on to platforms, ballast, &c. 

Foot-bridges over, or tunnels under, the railways 
are much required at many stations and crossings ; 35 
persons were killed and 9 injured whilst passing over 
the line at stations, and 72 killed and 42 injured whilst 
passing oyer leyel-crossings not at stations. 

The number of railway servants killed and injured 
is again enormous ; a very large proportion of these 
accidents occur during shunting operations and the 
marshalling of trains. 

Altogether the number of persons killed and injured 
on railways in the United Kingdom in the course of 
public traffic during the year ending 3 1st December, 
1889 as reported to the Board of Trade, was as 
ollows : — 



RAILWAY ACCIDENTS. 



PEESONS KILLED AND INJURED, 1889. 





Year 1889. 


Total for 
corre«poitdimf 
period in 18H8. 


Killed. 


Injured. 


Killed. 


Injured. 


Passengers. 

Fpom accidents to trains, rolling 

stock, permanent way, &c. . 

Bj accidents from other causes . 

Serrants of Companies or Contractors. 

From accidents to trains, rolling 

stock, permanent way, &c. . 

By accidents from other canses . 

Persons passing oyer railways at 

leyel-croRsings 

Trespassers (including suicides) . . 

Other persons not coming in aboye 

classification 


88 
95 

4 
431 

72 
351 

35 


1,016 
813 

117 
2,652 

42 

122 

74 


11 
96 

7 
389 

53 
295 

54 


594 
814 

93 
2,100 

24 
114 

87 


Totfll .... 


1,076 


4,836 


905 


3,826 



Note. — In addition to the aboye, the Companies have, in pursuance 
of the Act of 1871, reported other accidents which occurred on their 
premises, and the total number of personal accidents reported to the 
Board of Trade during the year 1889 amount to 1,139 persons killed 
and 10,981 injured. The large increase in the number of passengers 
killed in train accidents is due to the Armagh collision. 



Suggestions for Safe Railway Working compiled 
BY THE Author in Reply to numerous 
Inquiries, November, 1885. 

1. It goes without saying that bridges, tunnels, 
stations, permanent way, and works must be properly 
constructed and efficiently maintained. 

2. All railways should be worked on the absolute 
block system, stricHy carried out, so that no two trains 
of any kind shoidd ever be in one section at one time. 
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* 3. The block and interlocking systems should be elec- 
trically combined and controlled, so that the safety of a 
block section shall be under the control of two signal- 
men. 

4. The block working at all junctions should be ar- 
ranged so that no two trains which can foul each other 
at the pomts and crossings shall ever be allowed to 
approach a junction at one and the same time. All 
sidings and goods lines joining main lines should be 
provided with properly interlocked safety points. 

5. Efficient signals should be employed, and the posts 
ought always to be placed upon the left-hand side of the 
line to which they refer. At large stations and junc- 
tions short arms or discs should be provided for con- 
trolling shunting operations, in order to avoid that 
most dangerous but common practice, hand signal- 
ling- 

6. One code of block system regulations, and one 

pattern of signal, should be adopted throughout the 
kingdom. All distant signals of that old-fashioned 
disc or board pattern should be at once replaced by the 
usual "swallow-tail" arm. A red light should be the 
only danger signal. The practice of using purple or 
other lights is highly danererous. 

7. Facing points should be avoided as far as possible. 
All facing points, and points leading to main lines, 
should be provided with a locking bar and bolt, and 
properly interlocked with the signals and with the 
electric apparatus. 

8. At all junctions not only should the levers be 
locked in the box, but an actual lock should be placed 
upon the arm itself at the top of the signal post ; and 
in every case where electric repeaters are used they 
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should work from the arm itself, not from the rod in the 
usual way. 

9. All passenger trains ought to be provided with an 
efficient automatic continuous brake, having brake blocks 
upon the wheels of the engine, tender, and every 
vehicle throughout the train, and fulhlling the five con- 
ditions laid down by the Board of Trade, August 30th, 
1877, and highly approved by the Society. To avoid 
the present dangerous practice of brake power being 
cut off and rendered useless by the introduction of an 
unfitted vehicle, it ought to be the law that one company 
shall not be allowed to send vehicles over the line of 
another company unless such said vehicle is provided 
with the same form of continuous brake as that used by 
such foreign company. 

10. All goods engines should be fitted with brakes 
upon their wheels, and those oecaaionnlly required for 
passenger traffic should have continuous l)rakes. On 
lines having heavy incliuos, goods und mineral trains 
should have two guard's vans and two guards. 

1 1. Tank engines should not rim with the coal bunker 
in front ; they should be turned, like a tender engine, 
and always run chimney first. Tank engines should 
never be run at express speed, as they are unsafe at 
such speed. 

12. All passenger trains should be fitted with efficient 
means of communication with the driver and guards. 
Passengers should be able to reach it without putting 
their hands outside the window. The present cord 
system is unreliable, and the plan of having no com- 
munication on trains which stop every twenty miles is 
very risky to the public. 

13. All passenger platforms should be raised to the 
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standard height, and all carriages fitted with a high 
continuous footboard, to avoid persons falling between 
platforms and trains. 

14. The crank or driving axles of locomotive engines 
should be taken out after they have run a certain 
mileage. What the mileage limit should be ought to 
be at once decided by the companies and the Board of 
Trade. The Society considers 200,000 miles for iron, 
and 180,000 miles for steel, a very reasonable and safe 
suggestion for full consideration. 

15. All tyres should be fastened to their wheels, so 
that if they break tlvBy cannot fly off. 

16. All curves of ten chains radius and under should 
be provided with check rails. 

17. At all important junctions, to avoid the up main 
line being crossed by the down branch, or vice versd, it 
is very advisable that the branch line be carried over a 
bridge and brought down to the main line level, as 
done at Finsbury Park and a few other junctions. 

18. All waggons should be fitted with a coupling, so 
that waggons could be coupled or uncoupled without a 
man having to go between the vehicles. 

19. Overwork on railways is highly dangerous, and 
ought to be abolished. Ten hours a day is plenty, and 
proper time for rest ought to be allowed between each 
term of duty. Eight hours of signal-box work, con- 
sidering its importance, should be enough ; and at 
very large and busy junctions six hours at a stretch is 
as much as should be required. 

20. Companies' rule- books should be revised, and all 
rules not intended to be carried out should be removed. 

21. TJnpunctuality of trains is a great cause of acci- 
dents. When an important passenger train is running 
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late the working time-table is rendered useless, as none 
of the trains booked to shunt at yarious sidings do so, 
but proceed to some other siding, and are therefore 
imable to work as booked. When it is found, day 
after day, that certain trains do not keep time, the time- 
table should be properly altered in accordance with the 
actual running or time necessary. 

22. In case of fogs great care ought to be taken that 
the fog signalmen are sent out early enough ; but it is 
to be hoped that at no yery distant date one of the 
yarious mechanical appliances will be adopted in place 
of fogmen. 

23. All inclines should be proyided with "catch 
points" to preyent yehicles running away. 



CHAPTER II. 

PEEMANENT WAT, ANCIEKT AND MODEEN. 

There seems to be a widespread impression tliat rail- 
ways came suddenly into existence as a complete system 
at the time when the Liverpool and Manchester Rail- 
way was opened in 1830, and little or no attention is 
paid to previous history, or to the reasons which led, 
step by step, to the various improvements and inventions. 

The railways of the present day owe their existence 
to, and are the practical result of, the wonderful develop- 
ment of the ancient tramways or railroads. The dis- 
covery that a horse could draw a much greater load 
upon a hard level surface than upon an ordinary road 
led to the introduction of "stone tracks," which con- 
sisted of long narrow flagstones placed in parallel lines, 
upon which the cart-wheels ran. 

About the year 1630, it appears a Mr. Beaumont 
went to Newcastle-upon-Tyne, and to facilitate the con- 
veyance of coal from the collieries to the docks or 
shipping places, he introduced the "wooden way,** con- 
sisting of cross sleepers placed about 2 feet apart, 
upon which were nailed wooden planks 6 feet long 
and about 4 inches wide. He likewise introduced 
four-wheeled waggons in place of the ordinary carts ; 
and in " The Life of Lord Keeper North " it is mentioned 
that "the carriage is so easy that one horse will draw 



CAST-IRON PLATE WAYS. 9 

down four or five cauldrons of coal, and is an immense 
benefit to the coal merchants." A book published by 
Mr. Gray in 1649 records the fact that Mr. Beaumont 
in a few years lost £30,000, which he "adventured in 
the mines." 

The waggon wheels in course of time wore away the 
upper surface of the wooden ways, and the next fact on 
record is, that instead of entirely replacing the old ones, 
new planks were nailed upon them. This plan was 
known as the "double way.'' It was again followed by 
the system of "plating" the wooden tracks with sheet 
iron, or by nailing iron plates or bars upon them. 
These became known as "plate ways," and the men em- 
ployed to lay them down as "platelayers." It is hardly 
necessary to point oat that this latter word remains in 
use to this day, but the difference between the "plates" 
of old and the present steel rails, 30 feet long, weigh- 
ing 85 lbs. per yard, is indeed striking. 

The iron-plated ways, as might be expected, very 
soon caused considerable wear to the wooden wheels, 
and about the year 1753 it appears that cast-iron wheels 
were introduced. 

In 1767, Mr. Reynolds, one of the partners in the 
Colebrookdale Iron Works, Shropshire, suggested that 
the wooden plated ways should be entirely superseded 
by a cast-iron rail or plate, and that, in addition, 
an upright ledge or flange should be cast upon it, 
for the purpose of keeping the wheels upon the 
line. These rails were 3 feet long, 4 inches wide, 
having a " fish-backed " flange on the inner side, 
3 inches high at middle, and 2^ inches at the ends, 
fastened to wooden cross sleepers by a nail or spike 
driven through a hole, formed by a small square 
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piece being left out in each end of the castings. From 
the books of the Colebrookdale Company it appears 
that on the 13th November, 1767, between five and six 
tons of rails were cast, and at once laid down as an 
experiment. At first, it seems, they were not successful, 
being frequently broken, and in the following year 
(1768) the waggons were considered too large and heavy. 
These were, therefore, replaced by a number of smaller 
ones coupled together, thus reducing the weight upon 
any one rail, and distributing it over several yards of 
the way. To give additional strength to the plate rails, 
an improvement was made, consisting of a '^ fish-bellied '' 
flange projecting downwards under the plate. 

In 1776 a somewhat similar cast-iron plate way was 
laid down by Mr. John Curr, at the Duke of Norfolk's 
Colliery, near Sheffield; the rails were 6 feet in length, 
the ledge or flange was 2 inches in height throughout, 
and was placed on the outer side of the track. Cross 
sleepers were employed under the rail joints. The two 
intermediate supports to each rail consisted of square 
wooden blocks, near each end of each plate, and at 
intervals of two feet, holes were cast for a nail to be 
driven into the sleeper or block. It has been claimed 
that Mr. Curr was the first to lay down the cast-iron 
way, but the date at once shows that such a claim is an 
error, as the Colebrookdale experimental line had been 
at work for nine years. It appears that the labouring 
people at the colliery did not understand the great 
future of the iron way, for they got up a riot, tore up 
and broke the rails and burned the sleepers. 

One of the greatest improvements was introduced 
(1789) by Mr. "William Jessop, when constructing a 
railroad at Loughborough, in Leicestershire. This 
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engineer decided to abandon the flat wheels and flanged 
rails and to introduce iron rails with a flat top, and 
wheels with a flange cast upon the tyre. Mr. Jessop's 
rail was known as the " edge rail/* because the wheels 
ran upon the upper edge. These rails were of cast-iron, 
3 feet long, having a single head If inches wide; 
they were of the elliptical, or " fish-belly," pattern, 
that is, deeper in the centre than at the ends, it 
being considered that it combined the greatest 
strength with the least expenditure of material ; the 
gauge of this line was similar to that adopted for 
the plate ways, namely, 5 feet outside. The rails 
were fastened to cross sleepers by iron pins or bolts 
passing through projecting bases cast at the end of the 
rails. It was soon found that the cast-iron projections 
were broken ofE, and the rails rendered useless, as there 
was no way of fastening them ; this led to a great and 
important improvement. The base was removed from 
the rail itself, and cast as a separate "chair" or 
"pedestal;" the rails were fastened by pins passing 
through holes in the upright sides of the chairs, and 
corresponding holes in the ends of the rails. 

In 1797, Mr. Bams, when laying down a railroad at 
the Lawson Colliery, Newcastle-upon-Tyne, introduced 
"stone blocks" 1 foot square and 8 inches deep, 
instead of wooden sleepers, and in 1800 Mr. Outram 
also used "stone blocks" upon a line he laid from the 
collieries near Little Eaton, Derbyshire. The dates 
plainly show that Mr. Outram was not the first to adopt 
the "stone blocks," but, nevertheless, he obtained all the 
credit, for this description of line was called the Outram 
road or way, which very soon became shortened into 
"tram-road" and "tramway." 
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The Ashby Canal Company, under an Act of 1794, 
constructed a canal from Ashby-de-la-Zouch (Leicester- 
shire) to CoTcntry, and obtained powers to extend it to 
Ticknall and Cloud Hill Lime Works, &c., but the 
directors, seeing the advantages of the '^tram-road," 
abandoned the latter part of their canal scheme, and 
laid the Ashby, Ticknall, and Cloud Hill tramways, the 
rails employed being the cast-iron "plate" pattern, 
3 feet long, with the flange on the inner side, similar 
to those originally . introduced at Colebrookdale, to 
which reference has already been made. The old 
Ashby tramroad and branches became the property of 
the Midland Railway Company, by virtue of an Act of 
1846, and one part has since been altered and absorbed 
into the Ashby and Worthington Railway, but the 
branch from Ticknall Tramway Wharf to Ticknall has 
never been relayed or altered in any way, and is there- 
fore a specially interesting relic of ancient times. In 
these days to see waggons with flat wheels, drawn over 
cast-iron plate rails one yard, in length, by a horse, 
cannot fail to interest those who watch the progress and 
working of railways; and it most clearly shows the 
great improvements made, and the perseverance which 
has been required to develop the present gigantic rail- 
way system out of such small beginnings. 

In 1801 the Surrey Iron Railway Company obtained 
an Act, and afterwards speedily constructed a tramroad 
from Wandsworth to Croydon ; and Sir Richard Phillips 
wrote : **I found delight in witnessing, at Wandsworth, 
the economy of horse labour of the iron railway, and 
thought such lines should be exteuded from London to 
Edinburgh, Glasgow, Holyhead, Milford, Falmouth, 
Yarmouth, Dover, and Portsmouth." The idea that 
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railvrays should be laid over the country was generally 
considered at that time to be perfectly absurd. 

An important tramroad six miles in length was also 
laid in Derbyshire, known as the Peak Forest line. 
Wrought-iron rails 2 feet long were tried in 1805 at 
the Wallbottle Colliery, near Newcastle-upon-Tyne, but 
this material did not come into general use. 

In 1816 a patent (No. 4,067) was obtained by William 
Losh and George Stephenson for a half-lap rail-joint, 
in which the sides of the rails were bevelled away for 
about 2J inches, so that when the two bevelled 
ends were laid, they formed the same breadth of 
surface as at the other parts of the rail, an iron pin 
passed through the sides of the chair and the halves of 
the two rail ends ; they also suggested a wheel with a 
broad flat flange, suitable to run upon either the plate 
or edge rails. 

It has already been mentioned that the "edge rail" 
was invented in 1789 ; it did not, however, find favour 
for a number of years, as many persons contended that 
the narrowness of the upper surface would cut grooves 
in the wheels, a preference being therefore shown for 
the old plate-rail. 

A very useful wrought-iron rail was next manu- 
factured at the Bedlington Iron Works in 1816, which 
consisted of a combination of both the plate and edge 
rails, and having a high outer side and a low one ; 
wheels with flanges ran upon the high or edge side, the 
flat wheels on the inner or low-plate side. These rails 
were in 15 feet lengths, the ends being dove-tailed 
together ; they were sometimes spiked directly to the 
stone blocks, but more generally placed in shallow 
chairs, and secured with an iron key. 
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In October, 1820, Mr. 
Birkinshaic, of the Bedling- 
ton Iron WorkB, near Dur- 
ham, obtained a patent (No. 
4,503) for an improved 
mode of rolling raiWaj 
rails (Fig. 1). 

These rails were of 
wrought iron, of the ellip- 
tical, or more generally 
known as the "fish-bel- 
lied" pattern, nominally 
15 feet in length, but from 
meaaurement the author 
d finds them to vary from 
1^ ^ inch to I^ inches more 
|3 than this length. They 
^ were divided into bear- 
^ ing lengths of 3 feet be- 
I tweenthe chairs, and, when 
" new, weighed 28 Iba. per 
^ yard; they hadasingleliead 
only, 2J inches in width. 
The peculiar feature was 
that the underside of the 
rail was curved. It was 
considered in the early 
days of railways that extra 
strength was required be- 
tween the chairs (at c), 
and that it would give uni- 
form strength throughout 
if the extreme depth of the 
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rail at the centre between the chairs was 3^ inches, 
tapering away in a semi-eUiptic curve to 2J inches at 
the chairs (d). 

On one side of the rail a lateral swell was rolled, and 
continued through the whole length; but on the other 
side it terminated at e before reaching the chair, thus 
forming the sections shown at f. The chairs were of 
cast iron ; on one side a cavity (g) was formed corre- 
sponding to the lateral projection on the rail, on the 
other side of the chair a similar cavity was cast for the 
purpose of receiving a long thin wrought-iron key (h), 
which pressed the projection on the rail into the cavity 
in the chair (g), thus preventing the rail from rising 
upwards. 

Mr. Birkinshaw proposed to weld a number of rails 
into a long continuous rail, but this plan was not tried. 
Mr. George Stephenson adopted Birkinshaw's "fish- 
bellied " rail for all his early lines. The Stockton and 
Darlington, Canterbury and Whitstable, and Leicester 
and Swannington had rails weighing 28 lbs. per yard ; 
on the Liverpool and Manchester he used 35 lbs., and 
afterwards 50 lbs. on the London and Birmingham. 

On the Liverpool and Manchester line both stone 
blocks and wooden sleepers were employed. The 
Leicester and Swannington Railway was laid with cross 
sleepers (a), placed 3 feet apart between centres ; these 
were of oak, 8 ft. 6 in. in length, 8J in. wide at base, 
4^ in. thick, of half-round section, bound at each end 
with a strong iron hoop, the chairs being fastened to 
them by two spikes. 

The " gauge of rails " may here receive attention, as 
the question has been asked why 4 ft. 8 J in. was adopted. 

There can be no doubt that the usual width of the old 
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wooden and cast-iron tramroads practically determined 
the gauge of our present railways. The usual width or 
gauge of these old tramroads was five feet over all, that 
is, including the width of the two rails, and, as Jessop's 
edge rails and the Killingworth tramroad had rails 
If inches wide, it is easy to see that the width of 
two such rails deducted from 5 feet leaves 4 feet 
8^ in. between the rails, or what we now consider the 
national gauge. George Stephenson saw no reason to 
alter the gauge, therefore he adopted 4 ft. 8^ in. for 
the Stockton and Darlington and the Liverpool and 
Manchester railways, and, when consulted as to the 
gauge for the Leicester and Swannington, and the 
Canterbury and Whitstable Railways, he replied, 
" Make them of the same width ; though they may be 
a long way apart now, depend upon it they will be 
joined together some day." The " fish-belly " rails, 
15 feet long, were adopted for all these lines. 

The Stockton and Darlington railway scheme was 
one of the important turning points in the railway 
history. George Stephenson was appointed engineer, 
and application was made to Parliament in 1818; 
twice the Bill was rejected, but it passed in 1821, and 
on the 27th of September, 1825, the line was opened. 
It was not at first intended to work this railway by 
locomotives, and some fixed engines and ropes were 
provided, but the locomotive quickly proved its supe- 
riority over all other systems. 

The Liverpool and Manchester has been truly desig- 
nated as the Grand British Experimental Railway. 
George Stephenson was in this case also appointed 
engineer, and the line was opened to the public 15th 
September, 1830. Some time before the opening, the 
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question of locomotive, or fixed engines and ropes, 
naturally came before the directors, as it was necessary 
to arrange for working the line ; and, notwithstanding 
reports, the directors did not feel able to come to a 
decision, when one of their number — Mr. Harrison — 
proposed, " That a reward be publicly offered for the 
most likely mode of effecting their object ; " and on 
the 20th April, 1829, it was resolved to offer a premium 
of £500 for the best locomotive engine, subject to 
eight conditions as to weight, load, pressure of steam, 
price, &c., and the offer was made on the 25th April. 

October 1st, 1829, was fixed for the trial, but was 
subsequently altered to the 8th, the running ground 
being on the Manchester side of Eainhill Bridge ; and 
the following engines were entered for the prize : — 

Engine. Maker. 

The Rocket G. Stephenson. 

The Novelty Braithwaite and Erickson. 

The Sans Pareil Hackworth. 

The Perseverance BurstaU. 

The result of the trial (which lasted from the 8th to 
14th October) conclusively proved that the " Rocket *' 
of Mr. Stephenson was the best engine, and the price 
of £500 was consequently awarded, as it had per- 
formed all the conditions and stipulations required by 
the company. It will thus be seen that the Rainhill 
trials of 1829 settled the locomotive question, and led 
to the introduction of railways throughout the world. 

It has been mentioned that the " elliptical '* rail was 
adopted with a view to obtaining uniform strength 
throughout its length ; experience, however, proved 
that this was not the case in practice, as all the rails 
which broke failed at a point between 7 in. and 9 in. 
from the nearest chair. It was also shown that 

c 
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after one side of the top was worn, the rail could not 
be used on the other without the chairs being taken up 
and turned round ; also that it was very inconvenient 
in practice that chairs could only be placed at certain 
points — that is, at the shallow parts of the rails. 

To avoid these defects a rail was designed having a 
single head, but the under side was made straight and 
parallel to the top : this was known as the " single 
parallel pattern." These rails were 15 ft. in length, 
and were secured to the chairs by a ball and key 
fastening; a groove was rolled in one side of the 
rail into which a small cast-iron ball fitted, this ball 
being in turn held firm by a wrought-iron key passing 
through the chair. This system of rail and fastening 
was largely used on the North Midland, Manchester 
and Leeds, Birmingham and Derby Junction, and 
many other lines. Mr. Locke adopted the "double 
parallel rails," and laid them down on the Grand 
Junction Railway. These had double heads, and were 
therefore capable of being turned ; they were placed 
in chairs 3 ft. apart, and secured by wooden keys. 
From this description it will at once be seen that Mr. 
Locke's system is the one in general use at the present 
day. 

Great difference of opinion existed as to the merits 
of the various forms of rails. The directors of the 
London and Birmingham Railway, being in doubt, 
employed Professor Barlow to conduct a series of 
experiments. He did so, and reported in favour of 
Locke's "double parallel," and against Birkinshaw's 
"fish-bellied" rail, and this report led to the very 
general adoption of the former system. 

Soon after the opening of the Leicester and Swan- 
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nington Railway, which took place 17th July, 1832, 
opinions were expressed against wooden sleepers, 
especially in cuttings. It therefore became the fashion 
to adopt " stone blocks,'* and, to consolidate the road- 
bed, it was the general practice to lift each block by 
means of a lever, and allow it to fall several times on 
the seat upon which it was intended ultimately to rest. 
This method of obtaining a firm road was first employed 
by Mr. Stephenson on the Liverpool and Manchester line. 

Nothing can be worse than a rigid permanent way, 
but in the early days of railways this fact was not 
known or understood, consequently very many ideas 
and inventions proved failures. They provided a very 
strong road, but the rigidity was so great that the 
permanent way and rolling-stock were jarred to pieces, 
not worn out by ordinary working, thus clearly show- 
ing that a certain amount of " elasticity '' was abso- 
lutely necessary. When Mr. Brunei originally designed 
the permanent way for the Great Western Railway, a 
peculiar feature was introduced (in addition to the 
broad 7 ft. gauge and the longitudinal sleepers), 
which consisted in the employment of piles driven in 
pairs along the whole length of the way, at intervals 
of 15 ft. ; these piles were of beech, 10 in. diameter, 
12 ft. long, driven down into the earth so that the top 
of each was nearly level with the rails, and to the tops 
of these piles the cross timbers were firmly bolted, 
which in turn held the longitudinal sleepers. Thi« 
plan was carried out in 1838—9 between London and 
Maidenhead, but the results very quickly induced Mr. 
Brunei to abandon the piles and lay the timbers on 
the ballast in the ordinary way. 

Practical working soon proved that the " pile " 
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system was nearly as rigid as the " stone block road," 
and when the ballast subsided, as it constantly did, 
the whole weight was placed upon the piles. 

Another attempt to obtain a firm permanent way 
was made upon the Manchester and Leeds Railway in 
1839. One part of the line passed for some distance 
through a rock cutting, and, instead of using sleepers, 
the solid rock was dressed to a surface, and the chairs 
spiked directly to it. The company's officials con- 
tended, and expected that this portion of line would 
stand firm for over. However, the road was so rigid 
that if a train passed over it at more than a walking 
pace, rails and springs were broken, and in less than 
three weeks from the opening of the railway orders 
were given for the rails to be taken up and placed 
upon sleepers in the ordinary way. 

Mr. Jesse Hartley constructed some parallel walls 
of granite, upon which he bolted the rails. The rigidity 
was so excessive that rails, tyres, and springs were 
broken daily, and the plan proved a complete failure. 

A report contained in the Leicester and Swanning- 
ton Company's books, dated May, 1842, shows that 
the " stone blocks " which had replaced many of the 
sleepers required constant attention, lifting, packing, 
and keeping to gauge, also that "the riding over them 
was harder than on the oak sleepers." 

However, " stone blocks " remained in use on many 
lines for a period of over forty years, and some even 
exist in sidings and branches at the present day in 
various parts of the country. 

During the years 1847—51 great attention was 
given to the subject of iron permanent way, it being 
the general opinion at that time that wooden sleepers 
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were of too perishable a nature. Many inventions 
were tried. The one which appears to have been most 
successful wasW. H. Barlow's patent. This system 
had cast-iron sleepers placed longitudinally. Each 
sleeper consisted of an inverted trough 4 ft. 8^ in. 
long, 1 ft. li in. wide, and 3 in. in height, with the 
chairs upon it, cast in one piece, the wooden keys 
being placed inside ; the rails were of iron, 18 ft. long, 
double-headed, and fished at the joints ; the gauge of 
the Hne was maintained by a wrought-iron transverse 
tie-bar attached to the sleepers. This "iron road'* 
was tried upon several sections of the Midland Rail- 
way, especially through tunnels. The first portion 
laid was slightly over a mile in length, and extended 
through the Glenfield Tunnel on the Leicester andSwan- 
nington branch, the next being the Thackley Tunnel, 
Shipley, followed by the Gresley Tunnel, near Burton, 
and many others. Experience quickly proved that this 
system was too hard and rigid, and, as the weight of 
engines gradually increased, the cast-iron sleepers were 
constantly broken. For a number of years past the 
Glenfield Tunnel has been the only remaining portion 
of the iron road in use, and on this account the mouth 
of this tunnel has been constantly visited by engineers 
and others who wished to examine these old links in 
the history of permanent way ; but in March, 1884, 
the removal of the cast-iron road was completed, after 
having been in traffic over thirty-two years. 

The Barlow "Saddle-back" wrought-iron rail was 
designed to dispense with sleepers and chairs altogether, 
the foot of the rail being considered wide enough to 
obtain the necessary bearing surface upon the ballast, 
the gauge being maintained by wrought-iron tie-rods. 
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The fatal objection to all rails of this type was found 
to be their rigidity, and the great disadvantage of the 
impossibility of properly packing them. 

One of the first requisites for a railway is a good, 
sound permanent way, placed upon a well-drained and 
properly ballasted road-bed. This is a subject of very 
great importance, and deserves far more attention than 
is sometimes bestowed upon it, for there can be no 
doubt that good ballast is to a railway what a good 
foundation is to a building; defective drainage and 
ballast often cause subsidence and lateral deviation, 
increase the cost of maintenance both of road and 
rolling-stock, and, what is far more serious, will pro- 
bably render the line unsafe and lead to an accident. 

It may often be noticed on badly-drained railways 
that water lies under the sleepers, and that when a train 
passes, mud is thrown up as each sleeper in succession 
sinks under the pressure of every wheel, the fish-joints 
bend and spring back, the rails rise and fall in the 
chairs with a clattering noise, the wooden keys shake and 
often fall out ; thus the permanent way is strained, and 
consequently the trains oscillate considerably. Having 
obtained a good dry road-bed, it is necessary to con- 
sider the requirements of the permanent way and the 
duties it has to fulfil. In the first place, it must be 
strong enough to carry the loads which pass over it, and 
also to resist the lateral action due to speed and oscilla- 
tion, which tends to the "spreading" of the rails. 

It must be specially remembered that when speaking 
of the load on the permanent way the author does not 
refer simply to the total weight of the engine or vehicle, 
but to the maximum weight which is or can be placed 
upon it at any one point ; that is, upon any one pair of 
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wheels. Therefore a heavy engine of 38 or 40 tons, 
having the weight well distributed over six or eight 
wheels, will not cause as much wear and tear or damage 
to the permanent way as a comparatively light engine 
with a great weight placed on one pair of wheels. Many 
locomotive engines are in use in this country having 
16, 17, and nearly 18 tons resting upon a single pair 
of driving-wheels ; and it is this great concentration of 
weight which forms the principal difficulty which per- 
manent-way engineers have to overcome. 

Rails may be considered as girders ; they must have 
strength enough to carry the load which rolls over 
them, and sufficient bearing upon the chairs ; the chairs 
must have a good bearing to prevent their being crushed 
down into the sleepers, and in like manner the sleepers 
must have surface enough to prevent their being crushed 
into the ballast ; the spikes and tree-nails must resist all 
lateral action and maintain the gauge of the line. Per- 
manent way, therefore, must be strong and firm, but at 
the same time possessing a certain amount of elasticity ; 
it is very necessary that the elasticity should be ujiiform 
throughout, and not a system of alternate elasticity and 
rigidity, in which it serves to aggravate the rigidity by 
causing a succession of jumps and jerks. 

Previously to the year 1847 rail- joints were placed 
over sleepers in joint-chairs, which were wider than the 
ordinary ones. The joint thus made was never satis- 
factory, and upon several occasions the keys fell out of 
the joint-chairs, and trains or vehicles left the line in 
consequence. The well-known "fish-plates'* were intro- 
duced by Mr. Bridges Adams in 1847, and it is hardly 
necessary to point out that they are very successful, 
and are now in universal use. 
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About the year 1847 great difference of opinion 
existed as to the advantages of the "suspended fish- 
joint," and of the "joint supported by a sleeper/' 
Engineers had become so used to the supports placed 
under the joints tliat great objections were raised to 
iish-phites and joints suspended between two sleepers, 
and several inventions were tried with a view to obtain 
a compromise. Mr. Samuel introduced a bracket-chair, 
which was largely used. It consisted of a chair and 
fish-plate combined, the fish on one side being cast with 
the chair and an ordinary fish-plate placed on the other 
side, four bolts being employed in the ordinary way. 
A somewhat similar chair and fish-plate combined was 
afterwards introduced by Mr. Adams, who also designed 
a modification of the joint-chair and fish-plate capable 
of uniting the ends of rails of different heights and 
sections, but they have given place to the usual fish- 
joint. 

There can be no question that the suspended fish- 
joint gives greater elasticity, and renders the deflection 
of every part of the permanent way as uniform as pos- 
sible under the weight of a passing train. The author 
has for a long time directed the attention of permanent- 
way engineers to a matter which on many railways 
requires improvement, namely, the positions of sleepers 
on each side of a rail- joint. To obtain a good sound 
road a chair and sleeper should be placed on each side 
of a joint as near as possible to the fish-plates ; from 
the joints of the rails to the centre of the nearest chair 
on either side should never be more than 12 or 13 inches. 
Doubtless many of my readers often see sleepers brought 
close up to the joint on one side, whilst the centre of 
the next sleeper may be 2 feet or 2 feet 6 inches on the 
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other side. This is a common, but at the same time an 
objectionable practice. To obtain a smooth road uni- 
formity of elasticity and deflection is very necessary, 
for if the deflection be not equal throughout, pitching 
motion is at once created, followed by violent oscilla- 
tion, which is detrimental to the permanent way itself 
and injurious to the locomotives and rolling-stock. It 
has already been mentioned that the system of fastening 
rails by wooden keys was originally introduced by Mr. 
Locke upon the Grand Junction Railway ; Mr. Barlow 
afterwards invented a hollow wrought-iron key of a 
similar shape to the usual wooden one ; those were tried 
for a short time, but their use proved that elasticity in 
keys was absolutely necessary. 

A large number of other systems were tried, and 
proved failures solely on account of their extreme 
rigidity. The position of rail-keys has recently engaged 
considerable attention, in consequence of the change 
made by the Midland Railway Company. 

On the majority of lines the keys have always been 
placed outside the rails, and previously to the year 1860 
this was the usual plan ; at that time, and during the 
ten following years, the Midland Company employed 
both the " outside '' and " inside " systems, and found 
that the keys placed *' outside " came out of the chairs 
to a serious extent ; on some occasions three and even 
four consecutive keys were found to be out, the result 
being that there was nothing to prevent the train from 
" spreading the road'' to a dangerous extent, and cases 
did actually occur of vehicles leaving the line in conse- 
quence. The company therefore, in 1860-1, considered 
that the inside position was to be preferred, as if the 
keys should come out there would be no danger, the 
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ft 

gauge of the line being maintained by the outer jaw of 
the chair, and not by the key. It was also considered 
that platelayers would more conveniently examine their 
lengths of permanent way when they could see the keys 
of both rails at one time. 

The inside keys gave general satisfaction for several 
years, and there was no doubt that the system made a 
good strong road ; the question is whether it was not 
too strong, amounting to rigidity, for since the weight 
of engines and rolling-stock has increased, the number 
of broken chairs has become a very serious matter for 
consideration and attention. 

Complaints have for a long time been made that 
Midland trains appear to run " harder '* and more 
" noisily " than those of some other lines. 

One cause of " noise '* is doubtless to be found in the 
inside keys, and another in the low system of ballast- 
ing. The recent decision of the Midland Company to 
adopt outside instead of inside keying has called atten- 
tion to the whole question of permanent way, and pro- 
moted considerable discussion in engineering circles. 
The advocates of the inside and outside systems appear 
to have been very equally divided, and powerful argu- 
ments have been brought forward upon each side ; but 
it must be admitted that the introduction of wood 
between the rail and chair will provide the necessary 
elasticity which is so evidently required to prevent the 
continual breakage of chairs. 

Experiments are being made to obtain some really 
good system of preventing keys working out of the 
chairs. Several plans are being practically tested 
upon parts of road with the heaviest traffic. Good 
results have been attained by the use of the chairs 
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which are roughed or have teeth on the inner side of 
the jaw. 

Another form of key has been introduced by Mr. 
Gradwell, of Barrow-in-Furness. It is of wood, 
shaped so that it can only be driven into, or come out 
of, the chair in one direction. A piece is sawn out, or 
four saw cuts made. To drive a key into its place, the 
end is compressed, and afterwards expands, practically 
forming a spring which prevents its falling out. With 
a view to giving additional elasticity to the road, the 
" Steen Chair and Spring Key '' has recently been tried 
experimentally, and consists of a strong curved spring 
key, formed in the centre to fit the chair, the ends 
pressing against the rail, and in order to prevent the 
ordinary wooden keys falling out, some are now being 
tried with an improved means of fastening, which 
consists in cutting a groove or saw cut in the key to 
receive an iron or steel wedge having serrations or 
teeth on each side to prevent slipping back. 

It will be noticed upon many railways that the 
sleepers and the undersides of the rails are covered 
with ballast. This tends very materially to insure 
quiet running ; but, on the other hand, in rainy 
seasons it keeps the permanent way in a v/et state, 
unless very well drained. The Midland Company 
adopted the plan of never allowing the ballast to cover 
the sleepers, thus insuring a dry road, but at the same 
time a noisy one. This plan is now abandoned, and 
the ballast is being raised upon all relaid portions of 
the line, which, together with the outside keys, has had 
the desired efiect of reducing noise and vibration. In 
shunting-yards and sidings the ballast should always 
be raised (both between the rails and in the six-foot 
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way) to the level of, or very little below, the top of the 
rail. Many guards and shunters are annually killed 
and injured by catching their feet against the tops of 
the rails when stepping under the buffers of waggons, 
either to couple or uncouple them, and, of course, any 
slip made at such a critical moment is almost certain to 
result in serious consequences ; and, as the raising of 
the ballast to the required level in shunting-yards is 
such a very simple and inexpensive matter, it is to be 
hoped the companies will do all in their power to 
reduce the danger as far as possible. At the present 
time permanent way may be divided into two classes : — 

1. The cross sleeper road in general use. 

2. The longitudinal system used on the Great 
Western Railway. , 

Rails may be considered imder four classes : — 

1. Single or bull-headed. 

2. Double-headed. 

3. Bridge pattern. 

4. Vignole's pattern. 

Various companies make differences in detail, but 
the Midland may be selected as a fair example of the 
ordinary 4 feet 8^ inches gauge, cross-sleeper road, as 
loUows : — The rails are of steel, *' buU-headed," 30 feet 
long, 55- inches deep, width of top 2|- inches, weighing 
85 1 s. to the yard, having a sectional area of 
8 square inches, and are laid with an inclination of 
1 in 20 towards the inside, or four-foot way. The 
chairs are of cast iron, each weighing 50 lbs., and are 
fastened to the sleepers by two iron spikes and two oak 
tree-nails. The sleepers are rectangular, 9 feet long, 
10 inches wide, 5 inches thick, weighing 134 lbs. each, 
and placed at a distance of 2 feet 9|- inches apart 
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between centres, except at the joints, where they are 
only 2 feet 2 inches apart. The fish-plates are upon 
the clip pattern — that is, they clip the rail by nearly 
meeting under it. They weigh 40 lbs. per pair, and 
the four bolts 1*68 lbs. each. To obtain correct data, 
the materials have been carefully weighed, and it 
is found that one yard of permanent way averages — 

Lbs. 

Steel ^ 170 

Wrought iron 14*9 

Cast iron 110 

Wood 151.9 

Total 446-8 

Double-headed rails, capable of being turned, are in 
use on many railways ; the general details of road are, 
however, very similar to the above. 

" Turned " rails should never be used on any 
passenger line, both on account of the jar caused by 
running over the chair-marks, and also the increased 
liability of a rail to break when turned. The longitu- 
dinal system of sleepers was employed by Mr. Brunei 
for the broad gauge Great Western Railway, and was 
afterwards adopted in all cases where the seven-feet 
gauge was laid. The longitudinal timbers or baulks 
are of yellow pine, creosoted ; they are rectangular, 
14 inches wide, 7 inches thick, varying in length from 
25 to 35 feet, and weighing about 40 lbs. per cubic 
foot ; the gauge is maintained by transoms secured to 
the longitudinals by tie-bolts or iron-straps. The rails 
are of steel, of the " bridge pattern," varying in length 
from 18 to 30 feet, and in weight from 62 to 68 lbs. 
per yard. The 68 lbs. rails have a sectional area of 
7 square inches, and are 6^ inches wide at the foot, 
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and 3 inches high ; they have a continaons bearing on 
the longitudinal timbers, to which they are fastened 
by fang-bolts passing through holes in the flanges. It 
has been found that the rails are in time pressed 
into the timbers, and, to avoid injury to the latter, 
packing 1 inch thick of yellow pine is generally placed 
under the rails. On a large portion of this line, the 
" mixed gauge " is now laid, which consists of a third 
rail to be used by narrow gauge trains, one of the 
broad gauge rails being common to both. The Vig- 
nole's system is only employed to a limited extent, and 
consists of a single-headed rail with a flat foot. It is 
used either with or without chairs, on either cross or 
longitudinal sleepers. During the year 1885, 287 
broken rails were reported ; of these 132 were double- 
headed, 145 single or bull-headed, and 9 were of the 
bridge pattern, and 1 Vigaole's pattern. Of the 
double-headed rails, 68 had been turned, 54 rails were 
made of iron, and 233 of steel. 

The old system of slide points has long ago become 
extinct upon all railways, but may still be seen in use 
on temporary lines and colliery sidings. By this 
arrangement a single pair of rails was fastened at one 
end by bolts, the other ends being capable of being 
moved sideways, so as to connect with two, three, or 
even four lines of way. The present form of points 
consists of two outer or fixed stock rails, and two inner 
or movable switch rails, tapered to a point or tongue. 
These point rails are fixed at the heel-end by either a 
pair of fish-plates or a heel-chair. Points, although 
of one construction, are known under various names, 
according to the position in which they are employed. 
Facing, trailing, slip, double slip, leading, cross-over, 
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safety and catch points, the names clearly indicating 
their several uses. Facing points at junctions, and 
leading points from goods lines or sidings to main 
passenger lines, should always he provided with lock- 
ing hars and bolts, and be properly interlocked with 
the signals giving permission for a train to run in any 
desired direction. Crossings are of two kinds, the 
ordinary rails cut and joined, and cast-steel crossings 
complete in one piece. Crossings deserve far more 
attention than they sometimes receive, for if check- 
rails are allowed to become loose, and crossings to get 
out of position, it is a very easy matter for the leading 
wheel of an engine to strike and mount the fixed point 
of the crossing, thus throwing a train off the line, as 
was the case at Wennington Junction on the Midland 
Railway, 11th August, 1880, when eight persons were 
killed, and a very large number seriously injured. 
There is a common but very dangerous practice in use 
on some lines, of laying rails round curves tight to 
gauge, that is at a less width than 4 feet 8^ inches. 
Many accidents have been thus caused, and the author 
finds that nothing conduces to easy and safe running 
on curves so much as a little extra width in the gauge. 
All sharp curves of ten chains radius and under should 
be provided with a check-rail placed round the inner 
side ; the outer rail should be sufficiently super-elevated, 
and the speed of trains carefully reduced and regulated. 
Engines having a long rigid wheel base ought not to 
be employed on lines having sharp curves. The super- 
elevation of the outer rail is usually determined by the 

Y2 

following formula :W 1.9 g p ^^^ elevation of outer 
rail in inches. Where W = gauge in feet, V = 
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velocity of train in miles per hour, and R z= radios of 
curve in feet. 

In concluding this chapter, reference should be made 
to the steel permanent way, designed by Mr. F. W. 
Webb as a substitute for the usual system of wooden 
sleepers and cast-iron chairs. The sleepers are by 
preference of the ordinary trough section, and the 
chairs are riveted to them. The chairs, which form 
the chief feature of the design, are made from the crop 
ends of steel rails. These are first rolled into flat bars, 
and then cut and stamped into shape with a bulge in 
the middle of their width, so as to give strength to the 
jaws, and also to form a recess into which the wooden 
key may expand, and so prevent it from working out. 
It will be noticed that each chair is made up of two 
angle brackets and a packing piece, which serves to 
keep the rail from injuring the sleeper. Another 
feature is the placing between the sleeper and the chair 
pieces of paper or canvas, dipped in tar or asphalte, to 
keep out any moisture and to prevent sliding or 
working between the chair and the packing, and the 
packing and the sleeper. It is claimed for the system 
that it seems to offer every advantage for economy and 
simplicity of manufacture ; and there can be no ques- 
tion that if it were generally adopted the cost of pro- 
duction would be greatly reduced. It would also be 
essential, as far as possible, to introduce one standard 
form of sleeper, and one standard form of punching, 
so that companies wishing to adopt steel sleepers may 
go into the market for them, as they would for a piece 
of timber for the same purpose, and not have to ask 
the manufacturers to alter their rolls or their machinery 
for punching the holes for every small order required. 



STEEL SLEEPERS. 33 

The experiments with this form of permanent way 
commenced in May, 1880, and the North- Western 
Company has now 32,174 of the sleepers in use, and it 
is reported that those laid down six years ago are 
giving good results. With regard to first cost, this 
system is stated to compare favourably with the cost of 
the ordinary plan. A hollow steel spring key has also 
been tried by Mr. Webb. There can be no question 
that Mr. Webb's steel permanent way forms a very 
strong and soimd road, but the subject of its rigidity is 
an all-important matter for consideration. Opinions 
difier very widely, and in the absence of necessary 
data, it is essential that some experiments should be 
made upon the subject before a correct estimate can be 
arrived at with reference to the probable success of 
steel permanent way. 

The author has recently examined the steel sleepers 
on several sections of the North Western, the mile of 
line near Kettering on the Midland, also the portion of 
the Team Valley Branch of the North Eastern Rail- 
way, and finds that the steel sleepers cost about twice 
as much as the wooden ones ; but they will doubtless 
last a long time, and are costing less in maintenance. 
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CHAPTER III. 

Railway Signalling. 

The latest official informatioii with reference to the 
signalling of railways in the United Kingdom is to be 
found in the Board of Trade Returns upon the arrange- 
ments and systems of working on the 31st Decem- 
ber, 1884, the details being given imder two headings: 
(1) The interlocking and concentration of signal and 
point levers; (2) the systems upon which the lines 
are worked relating to the block system, &c. 

Table No. 1 shows that the levers require " con- 
centration" in 5,389 cases, and "interlocking" in 
5,189 instances ; also, that no less than 3,130 pairs of 
" safety points " are requisite. From table No. 2 it 
will be seen that the total length of line open for pas- 
senger traffic was 17,933 J miles, of which 13,832 miles 
were worked on the absolute block system. There are 
366 miles of single railway upon which only one engine 
at one time, or two coupled together, are allowed: 
thus leaving a balance of 3,735 miles which are still 
worked upon inefficient principles, and requiring the 
introduction of the absolute block system. 
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— 


'"^^^^^ 


Absolute Block Sirriimi. 


DonW». 


Single. 


Double. 


■.^.. 


Ei^land and Wales 
Scotland .... 
Ireland .... 

■Onited Kingdom . 

Total . . . 


8^ 
1,130 
691i 


Mile>. 

4,187? 
l,647i 
1.926i 


Uilea. 

S,D26i 

l,067l 

141 


MUes, 

3,170 
1,113 
314! 


10,I72i 


7,7601 


9,234i 


« 4,697f 


I7,933i 


13,832 I 



Tlie ibllowing table gives in detail the facte relating 
to the more important railways, from which it will be 
seen that some of the principal lines have made con- 
siderable progress ; — 
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Raflway. 
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The Block System Described* 

It is hardly necessary to mention that the object of 
the absolute block system is to maintain a certain 
interval of space between all trains, instead of the 
uncertain interval of time as formerly in use. 

The line is divided into sections varying in length 
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from a few chains to four or five mileSi according to 
the amount of traffic that has to be passed oyer it. A 
signal-box is placed at the termination of each section, 
and is provided with two electric bells and four block 
telegraph instruments, one bell and two instruments, 
Fig. 2, being for working the up and down traffic in 
each direction. Each signal-box is further provided with 
up and down "Distant/' "Home," and "Starting" 
signals, and " Lie By " or shunting sidings are con- 
Fig. 2.— THE BLOCK SYSTEM. 
Diagrams of Dials of Instruments (Needlb Pattern). 
Up Line. Down Line. 



TRAIN ON 
UNE. 



LINE. 
CIXAR 




J 



TRAIN ON 



LINE. 
CIXAR 




structed at such places as it is found necessary to allow 
a fast or important train to pass a slow train. 

For the purpose of illustrating the course to be 
adopted in signalling by the block telegraph : A, B, 0, 
and D, Fig. 3 (Plate I.) are supposed to represent four 
consecutive block boxes upon a portion of a double line 
of railway, and the process of signalling a train is as 
follows : — On the approach of a train to A, the signal- 
man there will call the attention of B, and then give the 
proper "Is line clear?" bell and dial signals. The 
signalman at B, after having ascertained that the line is 
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clear for the train to run upon, must repeat the signals^ '' 
and when he has received the necessary intimation firom 
A that he has repeated the dial signal correctlji which 
intimation must not bo given by A imtil the bell signal 
has also been correctly repeated, he must peg thai 
needle to " Line clear." The train may then be dis- 
patched from A. As soon as the train has passed A, the ' 
signalman there must call the attention of, and give 
the bell signal, "Train entering section/* toB, and the 
signalman at B must acknowledge the signal and 
impeg the needle. The signalman at A must then give 
to B the proper "Train entering section" dial signal, and 
when the signalman at B has acknowledged that signal 
and received the necessary intimation from A that his 
acknowledgment is correct, he must peg the needle to 
" Train on line," and then call the attention of, and give 
the " Is line clear P " signal to C. As soon as the train 
has passed B, it must be signalled, as above directed, to 
G and the signalman at C must in like manner, call the 
attention of, and forward the "Is line clear?" signals to 
D, and so on throughout the block system. 

If the second train should arrive at a signal-box before 
the preceding one has been signalled as " Out of section," 
it must be brought to a stand and detained at the start- 
ing-signal imtil such time as the section ahead is clear. 

For many years the codes of signals on different 
lines were separate and distinct, and at junctions there 
was the difficulty and danger of one man having to 
work two or more different codes. This was the cause 
of the serious accident at Canonbury Tunnel, and led to 
the companies parties to the Clearing House adopting 
a more uniform system, which came into use October 
to December, 1884. For the purposes of illustration. 
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the Midland, Great Northern, and Great Western 
signal codes are here appended : — 

MIDLAND. 

WHEN THE NEEDLE OF THE INSTRUMENT OF THE SECTION 
AHEAD IS IN THE VERTICAL POSITION THE LINE MUST 
BE CONSIDERED BLOCKED. 

When the instruments are not in use, the handles 
must always be kept upright, so that the needles may 
stand in the vertical position. The needle and bell 
signals must be made slowly and distinctly, and the 
hand must be removed from the handle the moment 
the signal has been sent. The handles must not be 
touched, except when signals are being forwarded or 
acknowledged. Signalmen, on setting the needle to 
" Train on line," or " Line clear," must take care that 
it is firmly and completely pegged over. 

Signal lights : red, stop; white, all right; green, all 
right at junctions. 

The block instruments must not be used for con- 
versing. 

BELL SIGNALS. 

To call attention 1 beat of the bell 

Is line clear for stopping goods or mineral train, \ 

ballast train requiring to stop in section, or f o v j. 

platelayers' lorry requiring to pass through I ^ oeats ,, 

tunnel? / 

Is line clear for passenger, break-down van, or ) 

empty carriage train ? ....)" »' 
Is line clear for fish, meat, cattle, express goods, ) 

empty fish vehicle, through goods, mineral, >' 5 ,, ,, 

or ballast train, or light engine ? . . ) 

Train entering section 2 ,, ,, 

Obstruction danger signal 6 »> >> 

Stop and examine train ..... 7 ,, ,, 

Signal given in error, train last signalled not ) ^ 

coming . . . . . . . j " '* 

Train passed without tail lamp (to post in advance) 9 , » a 

Train divided 10 ,, ,, 

Shunt train for following train to pass . . 11 ,, „ 
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Train or vchicU'K running away on wrong line 
KtK'tion clwir and station or junction blocked 
Train or vehicles running away on proper line 

Opening of si^^nal po«t 15 

Testing bell bignal 16 

Closing of signal post 17 

Time signal 18 

Lanipman or fog-signalman required . . .19 

Testmg controlled signals 20 



12 beats of the bell 

13 

14 



8 



DIAL SIGNALS. 

Signal correctly repeated .... 
Is lino clear for fast passenger train F . 
Is line clear fur slow passenger train 'r 
Is line clear for express goods or cattle train ? 
Is line clear for through goods, mineral, or \ 

ballast train, or light engine ? . . j 
Is line clear for stopping goods or mineral \ 

train? j 

Is line clear for ballast train requiring to i 

stop in section, or platelayers' lorry 5 

requiring to pass through tunnel P . ) 

Testing dial signal 16 

Signal incorrectly repeated .... 
Fast passenger train entering section . 
Slow passenger train entering section . 
Express goods or cattle train entering*^ 

section } 

Through goods, mineral, or ballast train, \ 
• or light engine entering section . ) 
Stopping goods or mineral train entering ^ 

section ) 

Train passed without tail lamp (to post in | 

rear) > 

Testing dial signal 

Train out of section 2 



1 beat of noedlo to right 
3 beats 



>» 



>> 



>» 



a 



>> 



>» 



1 beat 
3 beats 
4 



6 



16 



ft 
If 

9t 



99 
99 

>> 

>» 
>> 

left 

91 
99 

»> 

it 

9* 

If 

right 



Giving permission for a train to approach, and giving ** Train out of 

section' signal. 

Except where special instructions to the contrary are 
issued, permission must not be given for a train to 
approach when there is, within a quarter of a mile 
ahead of the home signal, any obstruction on the line 
on which such train requires to run, nor until all the 
points over which it has to pass have been placed in 
the proper position, and where block posts are not more 



BLOCK CODE : GREAT NORTHERN RAILWAY. 41 

than a quarter of a mile apart, not until the " Train 
out of section '* signal has been received from the post 
in advance for the previous train ; and after permission 
has been given for a train to approach, no obstruction 
of the line upon which such train requires to run must 
be allowed within a quarter of a mile ahead of the 
home signal, and the points over which it has to pass 
must not be moved until it has passed, or been brought 
to a stand, or the signal, " Signal given in error, 
train last signalled not coming," has been received 
from the post in the rear. 

GREAT NORTHERN. 

Came into force at 1 p.m., December 1st, 1884. 

BELL SIGNALS. 
To call attention . . . . . . .1 beat on bell 

Train on line 2 beats ,, 

Be ready for goods, mineral, or ballast train stop- ^ « 

ping at intermediate stations . j ** " 

fi >> >> passenger, special fish, or meat, run- *) . 

ning in passenger train time . j » >> 
,, ,, ,, express goods, fish, cattle, light \ 

engine, or through mineral train, 5 6 ,, „ 

stopping at chief stations only . j 

Obstruction danger signal 6 

Stop and examine train 7 

Signal given in error (cancel signal last sent) . . 8 

Train passed without tan lamp 9 >» >> 

Train divided 10 ,, ,, 

Shunt train for following train to pass . . . 11 ,, ,, 

Vehicles running away on wrong lino . . . 12 ,, ,, 
Section clear and station or junction blocked, to be J 

used where authorised by General Manager or > 13 ,, ,, 
Superintendent of the Line . . . . ) 

Vehicles running away on right line . . . 14 ,, ,, 

Openiug of signal box 15 

Testing 16 

Closing of signal box 17 ,, 

Time signal 18 ,, ,, 









DIAL SIGNALS. 
Signal correctly repeated .... 1 beat of needle to right 
,, incorrectly ,,.... 1 ,, ,, left 
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Passenger, special fish, or meat \ 

train running in passenger | On line 2 beats of needle to left 

train time ... ) 

Express goods or cattle train . m >» '^ m »> 

Express lish train or light engine mm ^ >> >» 

Mineral or ballast train stopping \ , 

at chief stations only . . i *' ** '^ " »' 

Goods, mineral, or ballast train ) ^ 

stopping at intermediate stations ) " ** " " 

Stop and caution 7 ^ n 

Passenger train assisted by engine, ) q -^ « 

ai roar .... y 

(}oods, cattle, mineral, or ballast! ,, 

train assisted by engine at rear j »> »' »» " 

Train out of section . . . . . 2 „ ,, right 

Line clear Needle pegged to ** Line clear" 

When the needle of the instrument is vertical, the 
line must be considered blocked. 

The normal position of all fixed signals is " danger/' 
and a green light is used by night at all the signal 
posts for " all right," and red one " danger ; " a white 
light at a place where a red, or a green, or a purple 
light ought to be seen must be considered a " danger '* 
signal, and treated accordingly. 

*'Call attention'' must precede all bell and dial 
signals, and be repeated immediately. 

Train out of Section. 

Clause 6. — " Train out of section " must, except 
during fog or falling snow, be sent as soon as the last 
vehicle, with tail lamp attached, has passed the signal- 
box. '* Be ready " must not be accepted for a follow- 
ing train, nor must " Line clear " be given until the 
preceding train has passed at least a quarter of a mile 
beyond the signal-box and is continuing its journey or 
has been shunted clear of the main line (except under 
special instructions signed by the General Manager or 
Superintendent of the line, which will be placed in the 
boxes concerned). 
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GREAT WESTERN. 

SPAGNOLETTI'S DISC BLOCK SYSTEM.— DOUBLE LINE. 

Issued November, 1884. 

Beats on 
♦To call attention (for an unusual | 

continuance of block, &c.) . ] 
Train on line 

,, arrived or obstruction removed 
Is line clear for ordinary goods, \ 

mineral, ballast train, or engine > 

and brake? . . . . ) 
Is Une clear for branch goods train 

„ ,, express or fast pas- ) 

senger or breakdown van train ? ] 
Is line clear for ordinary passenger ) 

or empty carriage train ? . ] 
Is lineclearfor branchpassengertrain ? 

* Bank engine in rear of train 

* Fast train approaching 
Is line clear for fish or meat train? 

;, „ express goods or 

cattle train ? . 
Is line clear for fast goods or ) 

through mineral train ? . j 

Is line clear for light engine ? . 

* Obstruction — danger signal . 
Take off slot — train waiting 

* Stop and examine train 

* Signal given in error (cancel last \ 
signal sent) ,....) 



Train passed without tail lamp 



} 



* Train divided .... 

* Shunt train for following train ) , , 
to pass . . . . j 

* Yehicles running away on wrong \ ,n 
line j 

* Section clear, but station or i , « 
junction blocked . . / 

* Vehicles running away on right \ , . 
line ..... I 

* Opening of Signal station . .15 

* Test signal 16 

* Closiog of signal station . .17 

* Time signal . . .18 



on Bell. 


How to be given. ; 


1 . . 1 


2 . . 2 consecutively 

3 . . 2 pause 1 


3 . . 3 consecutively 


3 . . 1 pause 2 


4 . . 4 consecutively 


4 . . 3 pause 1 


4 . . 1 pause 3 

4 . . 2 pause 2 

5 . . 3 pause 2 

5 . . 5 consecutively 


5 . . 1 pause 4 


5 . . 4 pause 1 


5 . . 2 pause 3 

6 . . 6 consecutively 

7 . . 3 pause 4 

7 . . 7 consecutively 


8 . . 8 consecutively 


9 . .< 
. . 


^^9 consecutively to the 
signal station in 
advance 

4 pause 6 to the sig- 

nal station in the 
\ rear 

5 pause 5 



. 1 pause 5 pause 5 

. 2 pause 5 pause 5 

. 3 pause 5 pause 5 

. 4 pause 5 pause 5 

. 5 pause 5 pause 5 

. 16 consecutively 

. 7 pause 6 pause 6 

. 8 pause 5 pause 5 
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The signals marked thus * must be returned by the 
signalman receiving them to show that he understands 
them, but in all cases he must^allow sufficient time to 
insure the signal being completed before he commences 
to return it or reply to it. 

The " Gall attention " signal is to be used when it is 
necessary to call the attention of the signalman at the 
next signal station. 

The disc block telegraph instrument shows three 
signals : — 

The disc showing half white and half red indicates 
" Line blocked/' 

The white disc showing full on indicates "Line 
clear." 

The red disc showing full on indicates " Train on 
line." 

All fixed signals show a white and red light only, 
except in a few special cases. 

*' Is line clear ? " signal must never be sent until 
" Train arrived " has been received for the previous 
train, and the disc has been put to half red and half 
white. 

The Interlocking of Points and Signals. 

This system was invented by Mr. Saxby, in 1856, 
to prevent accidents which constantly occurred under 
the mode of working then in use. Points were worked 
by levers on the ground, and were perfectly indepen- 
dent of the signals, and it frequently happened that 
signals were lowered when points were in the wrong 
position. Mr. Saxby brought the point and signal- 
levers together, and interlocked them so that it was 
impossible for an " all-right " signal to be given which 
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was not in accordance with, the position of the point- 
levers. 

Fig. 4 shows the system as now used by Messrs. 
Saxby and Farmer. The locking-gear is worked by 
the movement of the spring catch-rod, the lower end 
of which carries a stud upon the block b, wbich 
travels in the curved rocker b. 

The raising of the catch-rod causes the rocker to 
move into the position shown in the diagram, and 
this rocker is connected by a universal joint, e, with a 
lever which gives motion to the locking-bars. The 
locks are clearly shown l ; they are fixed to the 
locking-bars in such a manner that some of the 
spindles are free to move as at m, and some are locked 
as at N. It therefore follows that until the point- 
lever c has been placed in its proper position it is 
mechanically impossible for the signal-lever to be 
moved ; and when the signal-lever has been moved to 
lower a signal, the point-lever becomes in its turn 
locked. 

The principle is thus briefly explained, and the 
marvellous development of the system will be clearly 
understood from the numbers of levers which are all 
properly interlocked at the following stations : — 

The signals at the Waterloo Bridge terminus are 
controlled from a signal-box having 109 interlocked 
levers ; the new south cabin at Brighton has 240 
levers ; and the London Bridge Station north cabin, 
west side, has no less than 280 levers. This is, indeed, 
a wonderful specimen of the interlocking system. In 
a day of twenty-four hours about 600 trains and 
engines pass, and between 8 and 10 a.m. there are 
about 90 trains; and these figures do not include 
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shunting operations. Thi^ . vast cabin is worked by 
four men at a time, each set being on duty for eight 
hours. 

The Union of the Block and Interlocking 

Systems. 

It has already been shown that the block and inter- 
locking systems are excellent in themselves, so far as 
they go ; but experience conclusively proves that they 
do not go far enough. They require to be carried a 
step further, and, in place of two independent appli- 
ances, be united in one complete system or combination. 
At present there is nothing to prevent a signalman, by 
mistake, from taking off his outdoor signals at a time 
when his block instruments indicate that the line is 
not clear, and such mistakes are constantly leading to 
collisions. 

So long as the outdoor signals exhibited to the 
engine-drivers truly repeat the state of the block 
section ahead, safety is provided for, but we know from 
experience that the present system is liable to, and 
actually does, at times, break down in consequence of 
mistakes made by signalmen, arising either from 
human fallibility, or from excessive hours during 
which signalmen are too frequently kept on duty. 

When we consider the number of serious and fatal 
accidents that have occurred in consequence of these 
mistakes, it is needless to waste words in arguing how 
great must be the value of any inventions which will 
prevent such accidents ^y establishing an absolute 
mechanical block system, which cannot fail from the 
error of a signalman. 

The idea of combining the block and interlocking 
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systems^ and of making the train itself assist in pro- 
viding for its own safety by telegrapliing its arrival 
and departure from signal-boxes, is not a new one. 
Messrs. Hodgson^ Saxby and Farmer, Sykes, and 
others, have worked diligently, and with greats ac- 
cess, to attain the desired security. 

Hodgson's patent apparatus was tried on the Tun- 
bridge Wells and Eastbourne branch of the London, 
Brighton, and South Coast Railway. The author 
accepted the invitation to inspect the same, August, 
1881, and formed a very high opinion of its merits. 
One of the principal improvements was the introduc- 
tion of a treadle near each signal-box, electrically 
connected with the telegraph instruments in the signal- 
boxes, rendering it necessary in the working of the 
block system that the actual running of each train 
should exercise control over the signalmen. At first 
the treadles were sometimes liable to get out of order 
by the repeated blows received from the wheels of a 
train passing at full speed. This difficulty has, how- 
ever, been entirely and successfully overcome by 
Messrs. Saxby and Farmer, by causing the deflection 
of the rail itself acting upon the short arm of a lever 
always in contact with the underside of the rail, the 
means of making an electrical contact through the 
long arm of the same lever with the telegraph instru- 
ments in the signal-boxes, thus taking off a lock that 
prevents the signalman from moving the handles of 
the block instruments, by which the signal " Line 
clear '* is given to the box in the rear. The latest 
improvements have been recently examined by the 
author, and consist of apparatus containing interlock- 
ing appliances for a box with seven levers for working 
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points and signals, and the block telegraph instru- 
ments for the exchange of train signals with stations 
on either side. 

The block instruments are as usual placed upon a 
shelf over the signal levers, the handles of the instru- 
ments being connected by vertical rods with the inter- 
locking gear ; or, in other words, the " block '' system 
and the interlocking apparatus are combined in one 
and the same mechanism, and cannot be manipulated 
in a contradictory manner. 

The block instrument handles are attached to hollow 
spindles in the centre of which are the plimgers. When 
the handles are moved to the right (which is the " Line 
clear *' position), they work interlocking gear, so as to 
interlock the point and signal levers in any manner 
necessary to the requirements of the traffic. When the 
handles are moved back to " Line blocked " they are 
stopped in the mid-stroke or vertical position, and be- 
come locked, and cannot again be moved to "Line clear," 
neither can the point and signal levers be again moved 
imtil the train for which " Line clear " was given has 
arrived and actually passed over the treadle apparatus, 
and thus by its weight deflected the rail and completed 
the electric circuit. A current of electricity is then 
sent through the magnet of the block instrument and 
unlocks the handle, which can then either be restored 
to its normal position to unlock the point and signal 
levers, or it can be again moved to the right to give 
" clear " for a following train to approach. Only one 
wire isused for the block signal instruments and bells of 
both up and down lines. (See also electric slot, p. 58.) 

The Sykes's system of signalling has for a long time 
been in use. Li May, 1876, Cambria Junction, on the 

E 
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London, Chatham^ and Dover Railway, was fitted with 
it in such a manner that if the signalman had accepted 
a train from Canterbury Junction he could not accept 
one from Loughborough, or if he accepted one irom 
Loughborough, the apparatus was so locked that he 
could not then accept a train from Canterbury Bead 
until ho passed the train, and put his signal back to 
" danger^ 

These signals have also been working perfectly satis- 
factorily for several years on the Metropolitan District 
Railway, and have been introduced upon a section of 
the Great Western ; at Dumfries Junction, upon the 
Glasgow and South- Western ; three signal-boxes upon 
the Great Eastern ; and Walpole Junction, U.S.A. 

In the Sykes's system each station is provided with 
the usual train signal apparatus, ordinary semaphores, 
and signal levers. Beyond each station is an automatic 
treadle actuated by the passage of a train to manipulate 
a circuit extending back to the indicator at the station ; 
each station is also provided with an arm galvanometer, 
which serves as an additional indicator. Li front of the 
signalman is placed a case containing two indicators, 
which show respectively through the openings in the 
case. One indicator reads either '* clear " or " blocked,*' 
and refers to the condition of the section of the line 
beyond, while the other reads either " Train on line" or 
"Train passed," and refers to the condition of the section 
of the line in the rear. 

The former indicator is connected with the lock in 
such a manner that when it reads " clear " the lock is 
lifted and the lever is free, but when it reads " blocked" 
the lever is locked. 

Sometimes, instead of the automatic treadle, a plat- 
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form plunger is employed, under the control of the sta- 
tion staff, and is used when a train has been seen to pass 
out of the station, an arrangement which is found par- 
ticularly advantageous in foggy weather, when the train 
cannot be seen by the signalmen. 

The combination of the block and interlocking appa- 
ratus has for some time been a useful and practical 
appliance, and there can be no reason why so many 
railway companies continue to employ the old system, 
which depends so much upon human fallibility. 

Defective Signalling. 

Attention has recently been again directed to the 
very important subject of defective signalling on rail- 
ways. Engine-drivers constantly complain, and with 
very good reason, of the way in which signals are fre- 
quently placed ; but it is only in rare cases, or after an 
accident has actually occurred, that their complaints 
receive attention, or that improvements are introduced. 
Unfortunately the selection of position and the erection 
of signals are usually placed in the hands of a separate 
department. On many railways the engine-drivers and 
locomotive department have little or no control over the 
signal arrangements, and frequently when drivers have 
pointed out faults, they have been informed that *^ their 
duty is simply to obey signals.'' Instead of a good 
standard system being adopted and strictly carried out, 
the drivers on many lines state that " the signals are 
placed anyhow — ^here, there, and everywhere, and that, 
instead of improvements being made in this respect, 
some of the latest signals are placed in the very worst 
places, and on the wrong side of the line." On several 
occasions the author has examined signals at stations, 
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junctions, and sidings where drivers have made mis- 
takes, and in every case has foimd that the true cause 
was the defective state or position of the signal. 

One of the first and most important requirements of 
efficient signalling is that all signals shall be placed 
upon the left-hand or proper side of the line to which 
they refer. If by any chance it is absolutely impossible 
to place a signal in such place the special attention of 
engine-drivers should be directed to the fact by a special 
printed notice. Each roadside station or signal-cabin 
should be provided with a "distant/* "home/' and 
"starting" signal, and an "advanced starting signal" 
where necessary, in each direction. Distant signal-arms 
should always be of the " swallow-tail" pattern. Home 
signals should in every case be placed so as to completely 
protect any train which may be crossing from one line to 
another, or into a siding, so that an engine-driver may 
run as far as the home signal without any fear of being 
foul of points and crossings which such signal is intended 
to protect. " Starting," or " advance starting," signals 
ought always to be placed at least the length of the 
longest train (say engine and fifty waggons) beyond 
the home signal or siding points, so that all shunting 
can be performed without the engine ever having to 
pass the starting or advanced starting signal at danger, 
even a few yards. In very many cases these signals are 
placed at too short a distance, and the drivers are then 
obliged, and required by rule, to pass them at danger, 
in order to draw the tail of the train over the points. 
Signals which control the exit from the sidings should 
always be "discs" placed low down near the ground, 
so as to avoid any chance of their being mistaken by a 
main-line driver. In several cases the author sees siding 
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signals wluch consist of an arm placed upon the home 
signal-post, and the arm is generally connected to the 
points, so that when the points are open the signal must 
be off, no matter if the train is going into or out of a 
siding ; on many occasions two drivers have considered 
the signal was lowered for them, and collisions have 
resulted from this dangerous system of signalling. All 
junctions should be provided "in the facing direction" 
with as many distant signals as there are branches and 
home signals, so that when a driver sees the proper 
" distant " lowered, he may know that the " home '' 
signal is also "off" for him to proceed in the desired 
direction, and that the facing- points are properly placed 
and locked. All distant signals ought always to be so 
interlocked that they cannot be taken " off" till after 
the corresponding home signal has been lowered. In 
all cases where two signal boxes are situated near 
together, the ^* distant*' from the one box must be a 
swallow-tail arm placed upon the " home post " of the 
next. In every instance the home signal must be the 
top arm, the distant arm second. They ought also to 
be slotted in such a way that the distant can never be 
taken " off " when the home is " on." The home signal- 
men ought to be able to place both to danger as soon as 
a train passes, so as to avoid conflicting signals being 
given. Three or four arms referring to different lines 
should never be placed one below the other on one post. 
Each line should have a separate post placed in the 
proper position on the left of the line to which it 
refers. All lines should be worked on the absolute 
block system ; and the signal "Line clear " should neve^^ 
be sent to the box in the rear until the train has 
passed and is well forward on its journey, or has been 
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shunted into a siding clear of the main line ; and after 
the ** Line clear" signal has been accepted for a train to 
approach, no shunting on or crossing of the main line 
should be permitted. To avoid mistakes which may be 
made by signalmen, one of the systems of electrically 
combining the block and interlocking apparatus should 
be adopted. 

No system of signalling can be considered efficient 
or safe xmless it provides mechanically for an interval 
of space between all trains, and in practice it is abso- 
lutely necessary for a train to be protected, if it break 
down or stop imexpectedly between two stations, as 
when standing at a station or between fixed signals. 

In consequence of the recommendation of the 
Amalgamated Society of Railway Servants, that one 
code of signal regulations and one pattern of signal 
should be adopted throughout the kingdom, a com- 
mittee of the railway companies has been appointed to 
consider the whole question of signals and signal 
lights; and Major Marindin, reporting on a case of 
collision on the North British Railway, hopes that 
their deliberations may be successful in elaborating a 
uniform system for all lines, which, looking to the 
numerous cases in which two or more companies have 
running powers over one and the same piece of line, 
is most essential to the public safety. Signals on 
various lines differ to a very great extent. For in- 
stance, a white light on the Great Northern is to be 
treated as " danger," but on most other lines as " all 
right." A green light is sometimes to indicate 
"caution," at another station it is the "all right" 
signal, and again it is employed simply to indicate the 
back of a signal, and in such position it does not in 
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any way refer to an engine-driver. On some railways 
a purple light is an "all right/' and on others a 
" danger " light. All signal arms should be counter- 
weighted to fly to danger in case the rod breaks. 

When railways were worked by " time " a caution 
signal was used, and a green light employed ; but now, 
under the block system, " caution " has no meaning, 
as the line should be either clear or blocked. 

It would be an advantage if the green light were 
now made the only all right signal ; and green should 
not be employed as a back-light, as it is in practice 
often mistaken ; and if the white light were discarded 
as a signal it might with advantage be adopted as a 
back-light to show that the signal was " on," and it 
has been suggested that when the signal is " off'' no 
back-light would be required, especially as signals 
remain in that position for such a very short time with 
the present short block sections. 

Controlled or Slotted Signals. 

The ordinary mechanical slot system enables a 
signalman at one signal-box or station to control the 
outdoor starting-signal worked by another signalman 
at the station in the rear in such a manner that it 
cannot be taken off without the concurrent action of 
both signalmen ; but either man, independently of the 
other, can instantly place the signal to danger. 

Fig. 5 shows the usual arrangement of " slot." It 
will be seen that there are two levers and weights — 
one worked by each signalman ; and unless both be 
raised, the signal cannot be lowered. As soon as both 
men require the signal to be lowered, the weights take 
the position shown in the dotted lines, and the arm 
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&lls by its own weight, assisted by the small balance- 
weight as illustrated. 

The mechanical slpt is there- 
fore perfect in its action for 
moderate distances, and will ev^ 
workwellupto adistanceofl,000 
yards. The "electric slot-signal," 
Fig. 6, derives its name from the 
tact that it has the same objects 
as the mechanioal slot, but it has 
the very great advantage of being 
capable of controlling tJie work- 
ing of a signal by means of elec- 
tricity at any required distance. 
The action of the apparatus is 
as follows : Wlien a current of 
electricity is sent through the 
electro-magnet h of the electric 
slot it keeps the armature, which 
is attached to the vertical lever 
H, attracted, and on pulling the 
; 1^, wire, raises the weighted lever 
fixed at the foot of the signal- 
\ post, and the arm is lowered to 
_ the all-right position. If now 
f the current of electricity is cat 
off, the attraction ceases, and 
] the vertical lever falls away 
from the magnet, and striking 
' the clutch c, releases the wire, 
and the signal-arm is raised to 
Fig. 6.— Uechanical Slot " danger " by means of the 
Signal Apparatus. ^gighted levcr. The treadle 
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Fig. e.— Etecbic Slot Signal Apparatus. 
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apparatus already referred to enables the passage of the 
train itself over the line to act upon the electric slot 
signal, and places it to "danger" at the rear, even in 
case a signalman should omit to do so. By this arrange- 
ment and combination points and facing-point locks 
must be set in the proper position before "Line clear" 
can be signalled for a train to approach. Points cannot 
be moved for shunting or other purposes when the line 
has been signalled "clear." The "Line clear," or 
"Train out of section" signal cannot be sent a second 
time until the approaching train has arrived at and 
passed over the treadle. The outdoor starting-signal 
cannot be lowered to permit the entrance of a train 
into a block section without the consent and concurrent 
action of the signalmen at each end of the section, and 
it must be reset to " danger " behind every train ; and 
this is insured by the action of either signalman, or, in 
case both should forget, by the action of the train itself 
passing over the treadle. When once the starting- 
signal has been lowered and placed to " danger " after 
a train has entered the section, either by the signal- 
man or by the action of the treadle, it cannot be again 
lowered until that train has passed out of the section 
and over the treadle at the other end, and until the 
signalman in advance has given " Line clear " for 
another train to enter the section. 

The apparatus is so constructed that the signalmen 
cannot work it otherwise than in the proper order. 
The omission to give any of the ordinary block sig- 
nals, or to put the outdoor signals to "danger" after 
the passing of a train, prevents the apparatus being 
again worked, as, after receiving "Line clear," the 
starting-signal is lowered and put to " danger " in the 
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rear of a train ; and " Line blocked " must first be sent 
before "Line clear" can be given a second time for 
another train. 

The Improved Facing-point Lock and Duplex 

Detector. 

The invention has been designed and perfected by 
Messrs. Saxby and Farmer to obviate the danger which 
arises when a connecting-rod between a set of points 
and the locking apparatus breaks. Under the old 
system such mishap would permit of the point-lever 
being placed in its intended proper position, but the 
points, Fig. 7, would have remained unmoved, and 
woidd actually be lying in a contrary direction to that 
which the signal, if given, would indicate. 

The detector lock. Fig. 8, consists of a double-action 
plunger, which, when the points stand in one direction, 
is pulled, and when in the other, pushed into the 
appropriate hole in the tie-bar between the tongues of 
the points. Thus, if, owing to a broken rod, the 
points have not been moved, the signalman is warned 
of the fact by being prevented from lowering any 
signal which would be contrary to the actual position 
of the points themselves. 

As is the case with the ordinary locking-bars, whilst 
a train is travelling through the points, it is itself 
master of the situation; not even the signalman can 
inadvertently change their position until the whole 
train has passed clear of the locking-bar. It therefore 
follows that by the union with the "block'' instru- 
ments, as already described, an accident is rendered 
impossible from the failure of facing-point rods and 
connections. 
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satisfactorily insure the impossibility of two confli 
signals being off at one time. To prevent this, 
action of lowering one signal is made to actua 
extension of the rod to the other conflicting 
This " lock-rod/' as it is called, works a meo 
hooked bell-crank which directly locks the arm i 
which must always be "on" when the confli( 
signal is lowered, as the same action which lowers 
one locks the other. Having described the meth 
locking, let it be supposed a fracture has occ 
the rod working a branch home signal at a jun 
and that the signal has been lowered to, or s 
" off,'' and remains in that position after the sign 
has returned the lever in his box to the normal p 
tion, as the balancing of the arm is altogether insi 
cient to overcome the friction of the rollers in 
long length of rod or wire. The action of return 
the lever of the branch signal to " danger *' would, 
course, unlock the levers in the locking frame in 1 
box, but should the signalman, without knowing' 
the failure of the rod, attempt to lower the main U 
signal, he would be unable to do so, as the act) 
locking on the main arm would prevent its being tak 
" off." It will be found, by taking any example, tl 
whichever rod breaks, no two opposing signals can 
standing off at one time, and it has the further advi 
tage of immediately acquainting the signalman tl 
something is wrong with the apparatus. 

The method can be carried out with signals of a 
type, whether worked by rod or wire, and is stated 
be comparatively inexpensive in its application, 
can be applied, however complicated the station 
junction may be, and is certainly the only dir 
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mechanical lock between conflicting signal-arms. The 
locking device of one arm may be made to act upon 
and control the locking device of one or several other 
arms directly between the signals themselves, without 
the intervention of the movement of the levers ; or the 
locking device on any signal-arm may be connected 
back to the levers in the locking frame, so as to lock 
or unlock any levers as may be required. 

It would appear that if so simple and effective a 
method of preventing accidents can be applied for a 
comparatively small cost, railway companies should 
give this matter their earnest consideration. Signal 
connections will always bo liable to failure, for what- 
ever care is taken in their manufacture, absolute secu- 
rity cannot be guaranteed by any tests of the material, 
so that a method by which these failures are rendered 
harmless is of the greatest importance, both to the 
public and the servants. 

Clearance or Train Safety Bars. 

Railway collisions frequently occur in consequence of 
a train being kept waiting for a considerable time at a 
" starting " signal, and being either out of sight of the 
signalman, or in consequence of fog the man forgets 
the presence of such train and lowers his home signal 
in the rear for the following train. To avoid these 
accidents, clearance bars should be adopted. They 
consist of a series of locking bars placed between the 
starting signal and the signal-box, and so long as a 
train or engine is standing upon this portion of line the 
block instrument and the home signal are locked at 
** danger,** and a signalman is imable to commit an 
error. 
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Single Lines. — ^The Train Staff System. 

Some of the most serious accidents which have 
occurred from defective systems of signalling and work- 
ing haye been occasioned by trains meeting upon single 
lines of railway ; for instance^ the collisions at Norwich 
and near Badstock. 

On small branches^ or sections^ with light traffic, 
only one engine in steam or two coupled together 
should be allowed at one time. 

All other single lines should be worked under the 
train staff and ticket system, combined with the absolute 
block system of signalling. 

So long as the '^ staff ^' is at one end of the section^ 
trains can be permitted to leave with a ticket, but after 
the staff itself has been sent away in charge of the last 
driver, no train must, under any circumstances, be 
started tmtil its return. 

A few companies work single lines by means of 
telegraph messages sent from a crossing agent at the 
principal station, who arranges where trains in opposite 
directions are to pass each other. This system is 
extremely dangerous, and has caused many accidents^ 
as the least mistake in a telegram may result in a 
serious collision. 



CHAPTER IV. 

RAILWAY BRAKES. . 

In nearly all the more calamitous of the great rail way- 
accidents of recent years, those which have been 
attended by the largest destruction of life, rolling-stock, 
and property, it has been constantly proved that even 
if the first cause of the catastrophe, such as the breaks 
ing of axles, or failures of signals, &c., were admitted 
to have been unavoidable, all the worst consequences 
would have been either entirely prevented, or very 
greatly mitigated, if the train had been fitted with an 
efficient automatic continuous brake ; it is, therefore, 
an extraordinary fact that the introduction of such 
brakes has been delayed for years in this country, and 
the story of the battle of the brakes, when ultimately 
written, will form one of the most curious, but 
certainly not the most creditable chapters in English 
railway history. 

As soon as railways were introduced, it became 
apparent that it was essential to public safety that 
trains should be capable of being stopped in the least 
possible distance in case of accident, or of an obstruc- 
tion on the line, and this necessity constantly increases 
as the weight and speed of trains become so marvel- 
lously augmented. An ordinary main line express 
train may be considered as equal to about 220 tons, 

F 
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includiog the engine and tender ; sucli a train running 
at a speed of 60 miles an hour, passes over a space of 88 
feet per second, and has a m riva, or stored-up force, of 
equal to no less than 26,452 foot-tons ; and if the train 
comes into collision, it will strike another train or any 
obstruction with a blow or destructive force equal to a 
ton weight falling from a height of five miles. To stop 
the train in the shortest space, and destroy this enormous 
momentum is the great object of efficient brakes. For 
many years the hand brakes upon tenders and guard's 
yans were considered sufficient, but experience has 
long since proved that they do not provide for safety. 

Mechanical and non-automatic continuous brakes 
were next invented; they are useful under ordinary 
circumstances, and so long as they remain in order, but 
they are absolutely powerless in cases of emergency, or 
at tiie very moment when required to act as life-saving 
appliances. All non-automatic brakes are slow in 
action, liable to fail at any moment, and in case of 
accident are rendered useless. These very serious 
defects led to the introduction of automatic or self- 
acting brakes. Every engine, tender, and vehicle 
should carry its own store of brake force ready for 
instant use ; it therefore follows that if every coupling 
in the train were to be broken, each portion or vehicle 
would stop itself. This principle has been worked out, 
and perfection appears to have been reached in the 
form of continuous brakes fitted to every wheel capable 
of application by the driver (or either of them when two 
engines are employed), by either of the guards, and self- 
acting in case of accident. 

In June, 1875, the celebrated Newark brake trials 
were conducted imder the direction of the Royal Com- 
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mission on Bailway Accidents ; the ground selected was 
part of tlie Nottingham and Lincoln branch of the 
Midland Railway, extending from near Newark to 
Thnrgaton, since known as the racecourse. 

The following table shows the systems tried and the 
results obtained when the utmost was done to stop the 
trains by the application of all available brake-power, 
the use of sand, and the reversing of those engines not 
provided with brake blocks. 

NEWARK TRIALS (Series 1, Section E). 



Railway 
Company. 


Name of Brake. 


Speed, 

miles per 

hour. 


Distance 
of stop 
in feet. 


Setaiding 
force 
in per- 
centage. 


Midland 

L.&Y. 

L. &N.-W. 

Midland 

L. &Y. 

G.N. 

Caledonian 

Ij. B. & S. C 


♦Westinghouse automatic 
♦Fay and N.-E. engine . 
tCJark a.nd Webb . . . 
♦Barker hydraulic . . 
fFay and L. & Y. engine 
fSmith vacuum . . . 
fSteel Mclnnes .... 
♦Westinghouse vacuum . 


61^ 
57| 

5o| 
46} 
45 

49} 


825 
1,386 

964 
1,101 

913 

905 
1,120 
1,633 


10-64 
7-94 
7-79 
7-64 
7-60 
7-47 
7-33 
6-88 



The brakes are placed in the order of merit and 
efficiency, as shown by the percentage recorded in the 
last column. 

To accurately estimate the relative ralue of a brake 
is very necessary, and as trains are of dififerent weights, 
and running at various speeds, direct comparison is 
impossible, but the desired information is easily obtained 
by establishing a *^ basis or comparison,'' and expressing 
the average efficiency of the retarding force of the 
brakes in percentages of the weights of the trains. 

This method of comparison is thus worked out : the 

• Brakes applied to engine wheels. 

t Engines reversed being unprovided with brakes. 
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weight and speed of a train being known, the foot-tons 
of energy accumulated in it are at once found by 
multiplying the speed by itself (squaring the speed), 
also by '0334, and by the total weight of the train. 
Now, the work done by a brake in stopping a train, 
must, of course, be equal in amount to the total energy 
of that train, and this work is made up of the retarding 
force multiplied by the distance through which it acts ; 
it therefore follows that the retardation of a brake equals 
the energy, or vis viva of the train divided by the dis- 
tance run in making the stop. To facilitate calculation, 
it is found most convenient to express the relation or 
proportion of retarding brake force in the form of a 
percentage of the total weight of the train ; thus, if a 
train of 200 tons weight has been stopped by the 
application of a brake force of 20 tons applied to 
the brake blocks, it is clear that it can be expressed as 
a retarding force of 10 per cent. 

The following useful formula enables the average 
brake force exerted in making any given " stop '' to be 
calculated : thus, suppose a train to be stopped from 
50 miles an hour on the level in 835 feet, 50 squared 
multiplied by 3*34 and divided by 835, gives the 

502 
result 10-; or thus, 3*34 ^77^ = 10-, which means that 

the average brake force was 10 per cent, or 10 tons 
for every 100 tons of the total weight of the train. 

The celebrated Newark trials were followed by others, 
on the North British Railway, December, 1876 ; North 
Eastern, May and June, 1877 ; Belgian State Rail- 
ways, 1876 and 1877 ; Germany (near Cassel), August, 
1877 ; North Eastern Railway, October, 1878 ; Paris 
Lyons Railway, April, 1879 ; North Eastern Railway, 
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July, 1879 ; Lancashire and Yorkshire Railway, July, 
1880. 

On the 14th and 15th July, 1879, Captain Galton 
conducted experiments on the North Eastern Railway, 
near York, with a train of sixteen vehicles fitted with 
the "Westinghouse automatic brake; total weight, 
207 tons 19 cwts., 91*5 per cent on braked wheels. 



Brake applied by driver. 



Speed 
per hour. 



51 
48 
50-6 



Gradient. 



Down in 1,200 
Level 
Level 







Ketarda- 


Stop 


Time in 


tion in 


in yards. 


seconds. 


per- 
centage. 


207 


14-76 


14-0 


190 


U5 


13-6 


226 


16-6 


r 12-6 



Distance in 

yards which 

wonld have 

been ran had 

the speed been 

60 miles an 

hour. 



198 
206 
220 



Train " slipped." Brake automatically applied. 



62-6 

66- 

59-6 

50* 

52 

58 



Level 
Level 
Level 
Level 
Up 1 in 200 
Level 



223 


16-76 


13-7 


208 


15-6 


16-1 


290 


19-0 


13-5 


173 


13-26 


16-0 


187 


14-76 


15-6 


260 


16-76 


14-4 



203 
172 
206 
173 
178 
193 



Brake applied from van against engine with full steam on. 



27 



Level 



68 



9 



11-0 



252 



Captain Galton also conducted a series of experi- 
ments on the Lancashire and Yorkshire Railway at 
Gisbum, July, 1880. 

The following table gives the averages of all stops 
reduced to 50 miles an hour on a level with the 
allowance made for the different percentages of the 
braked portion of the train to the unbraked portion, 
allowance being also made for the rotating momentum 
of the uinbraked wheels in the train : — 
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Brake. 


Stops bj driver. 


Stops from van. 


Slip stops and 
automatio action. 
















Distance 


Beterd- 


Distance Retard- 


Distance 


Betard- 




in 


aticm in 


in 


ation 


in 


ation 




feet 


percent. 


feet. 


percent. 


feet. 


percent 


WeBtinghouBe, 
(J. N. train 








727 


11-49 


— 




441 


18.94 


WestinghouBe, 














L. & Y. train 


716 


11-66 


895 


9-33 


668 


12-50 


£ame*8 vacuum . 


752 


11-10 


914 


9-14 


754 


1108 


Sanders* vacuum 


891 


9-37 


1,111 


7-19 


722 


11*67 


♦ Fay-Nowall . 


817 


10-22 








~^ 



Since the trials mentioned in 1875 — 1879 and 1880, 
several brakes have been removed, and others have 
been perfected or improved. Under these circumstances 
the Amalgamated Society has recently resolved that 
some further trials are now required, and if the neces- 
sary facilities can be obtained, it is prepared to carry 
out or be represented at such experiments. 

As long ago as the 30th August, 1877, the Board 
of Trade forwarded a circular to the companies, in 
which the advantage of having uniform brakes upon 
all lines was pointed out, and stating that there had 
been no attempt on the part of the various companies 
to agree upon what are the requirements which, in 
their opinion, are essential to a good continuous brake. 
In the opinion of the Board of Trade, the conditions 
should be as follow :— 

(a.) The brakes to be efficient in stopping trains, 
instantaneous in their action, and capable of being 
applied without difficulty by engine-drivers or guards. 



* The Fay-Newall brake was applied by two guards to two sections 

of four vehicles. 
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(6.) In case of accident, to be instantaneously self- 
acting. 

(e.) The brakes to be put on and taken off (with 
facility) on the engine and every vehicle of a train. 

(d.) The brakes to be regularly used in daily 
working. 

(e.) The materials employed to be of a durable 
character, so as to be easily maintained and kept in 
order. 

The celebrated conditions, it will be noticed, are so 
obviously necessary and practical, that they are scarcely 
open to discussion. 

It might have been supposed that the various com- 
panies would have at once attempted to secure both an 
eflScient brake and uniformity of system ; but unfor- 
tunately this has not Been the case. Companies which 
work in direct connection, and exchange a large amount 
of rolling-stock, do not even employ the same system ; 
the result is that the vehicles of one company cut off 
or render useless a portion of the brake power upon 
another company's train. 

So great has this difficulty become, that it has been 
necessary to actually fit a large number of vehicles 
with two complete brakes, of course at double cost. 
Sir Joseph Pease, M.P., director of the North-Eastern 
Railway, has recently created considerable amusement 
in railway circles, by his statement in the House of 
Commons, that "it was an advantage to have two 
brakes, as when one brake failed they use the other.'* 
Of course, the statement is not correct, and the only 
reason why vehicles have two systems is to work with 
other brakes upon other railways. 
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CoNTiNXJOTJs Brakes in use in the United Kingdom 
ON THE 31sT December, 1885. 

The continuous brakes return for the second half 
of the year 1885 has been issued, and although it 
furnishes evidence (if any were required) that the 
companies are not taking the necessary steps to arrive 
at a general system, it is satisfactory to find that most 
of the brakes recently fitted either are, or are said to 
be, automatic. 

The form of return has been amended and improved 
by the Board of Trade, but the information recorded is 
in many instances inaccurate. 

The following table shows the total amount of stock 
fitted and unfitted on the Slst December, 1885 : — 





" Engines 
fitted with 
brakes. 


Engines 
fitted with 

apparatns 
for working 

the brakes. 


Carriages, 

&o., fitted 

with brakes. 


Carriages, 

&o., fitted 

with pipes 

orohainB 

only. 


Total amount of stock \ 
returned as fitted 
with hra-kes which 
appear to comply ' 
with conditions of 
Board of Trade . 

Total fitted with i 
brakes which do ! 
not comply . . ) 

Totfll fitted . . . . 
Not fitted with any j 
continuous brake . j 

Total passenger roll- 1 
ing stock therefore ) 


2,291 
1,218 


1,389 
1,386 


21,033 
13,168 


4,259 
3,287 


6,284 
1,040 


41,747 
9,600 


7,324 


51,247 



From these figures it will be seen that out of a total 
of 7,324 engines and 51,247 carriages, &c., only 2,291 
engines and 21,033 vehicles have brakes whicH even 



BRAKE RETURNS. 



73 



appear to fulfil the conditions laid down by the Board 
of Trade, and these figures would be considerably 
reduced if the return were properly corrected. 

Having given the total amount of rolling-stock fitted 
with brakes, reference should now be made in detail 
to the separate totals for each system. 



Name of brake. 



t Automatic vacuum 
• Vacuum automatic 

Steel Mclnnes . . 

§ Vacuum and "West 
inghouse . . . 

"Westinghouse auto- 
matic .... 

Clark's chain . . 

Clark and Webb's 
chain .... 

Wilkin and Clark's 
chain .... 

Fay's 

Fay and Ne wall's . 

Newall's • . . . 

W. Parker-Smith . 

Smith's vacuum . 

Vacuum (Webb's) 

Westinghouse pressure 

Total . 



Engines 

fitted with 

biukes. 



t66 

708 

3 



1,614 



1,170 
48 



3,609 



Engines 

fitted with 

api>aratu8 

for working 

brakes. 



1,213 
3 



85 

12 

738 
13 



92 
619 



2,775 



Vehicles 

fitted 

with brakes. 



6,659 

2,775 

29 

2 

11,095 
46 

3,106 

79 

1,219 

360 

321 

3 

5,686 

2,581 

350 



34,201 



Vehicles 
fitted with 

pipes or 
chains only. 



804 

696 

8 

12 

2,738 
5 

484 



1,743 
1,056 



7,546 



* At first sight the "automatic vacuum*' and "vacuum auto- 
matic " brakes may appear to be one and the same system ; the former 
refers to the brake known as the Sanders-Bolitho, which " leaks oif," 
and the latter to the Vacuum Company's system, which does not leak 
off. A certain number of vehicles on the Midland Railway have been 
altered from the "leak-off" to the "ball- valve" system, but the 
return does not furnish the number of brakes so changed. 

t Sixty-one of these engines are upon the Midland Railway. They 
are provided with a " steam " brake capable of being applied in con- 
junction with the automatic vacuum. In case of accident, however, 

the engine and tender part, the steam pipe is broken, and the 
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The above totals do not include 134 goo^ engines on 
the North Eastern Railway fitted with the Westing- 
house brake and used for excursion traffic. 

The following table shows the amount of rolling- 
stock fitted with two complete systems of brakes, so 
that both act on the same blocks : — 



Railway, 
N.E. 



1*611 , WestinghoiiBe automatic 
Engines. ' Smith's vacaum. 



West Coaat Joint S. 
Caledonian . . . 
L. &N.-\V. . . . 
Midland 8. J. S. . . 
Midland . . . . 
G. & S. W. . . . 
East Coast Joint S. 
N.E 

N. E 

N.E 

Lit & \ 



Total . . 




I Westinghoiise automatic 
J and Webb vacuum. 

( Westinghouse automatic 
\ — automatic vacuum. 

( Westinghouse automatic 
\ — Smith's vacuum. 
( Westinghouse automatic 
( — Midland vacuum. 
( Westinghouse automatic 
( L. & N. W, vacuum. 
( Westinghouse automatic 
\ — vacuum automatic. 



The progress made during the half-year cannot be 
considered satisfactory ; the total stock fitted shows but 
a small increase ; many of the brakes fitted are in- 
efficient, for instance, the "leak-off and the simple 
vacuum, and in the case of the London and North- 
Western vacuum, the large nominal increase is not 



<{ 



steam *' brake rendered useless at the very moment when required. 
Such a brake cannot, therefore, fulfil the condition of being efficient 
in case of accident. 

§ Fourteen vehicles are returned with vacuum and Westinghouse 
brake. This is not a brake system, but simply means that they are 
fitted with two brakes. 

* G. & S. W. Co. number not given. 
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progress, but simply the change of brakes from the 
chain to the vacuum. To remove one brake and fit 
another, which does not fulfil the Board of Trade con- 
ditions, is but a useless waste of money, as a still 
further alteration must ultimately be made. 

The Westinghouse automatic brake is in general use 
on the North Eastern, Great Eastern, Brighton, Cale- 
donian, North British, Glasgow and South Western, 
Great North of Scotland ; and, to a less extent, on the 
London, Chatham, and Dover, Midland, and also on 
several minor railways. 

The Vacuum Brake Company's, or Gresham's auto- 
matic vacuum is employed generally on the London 
and South Western, and Lancashire and Yorkshire 
Railways, and to a less extent on the Taff Vale, Belfast 
and Northern Counties, and a few other lines. 

The Sanders - Bolitho, or "leak-o£E" automatic 
vacuum brake is used on the Midland and Great 
Western railways only. 

Smith's non-automatic vacuum is employed to a 
considerable extent on the Great Northern, South 
Eastern ; Manchester, Sheffield, and Lincolnshire ; 
Great Southern and Western Ireland, Metropolitan, 
Midland, and to a less extent by a number of smaller 
lines. 

The Clark- Webb chain brake is principally used on 
the North London, and London and North Western 
but upon the latter line it is being removed and replaced 
by a non-automatic vacuum brake that is adopted only 
by the North Staffordshire Company. 

The author, having during the past seventeen years 
inspected and worked all the continuous brakes in use, 
is of opinion that at the present time there are but two 
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systems that can be considered efficient, or that are at 
all likely to come into permanent use, namely, tlie 
Westinghonse automatic air brake, and the Vacuum 
Company's, or Gresham's automatic vacuum brake. 

These two inventions 'may be said to represent the 
best of their respective classes or principles, and are, 
therefore, fully described and clearly illustrated. It 
would no doubt have been better and cheaper to have 
had one universal brake for the whole country ; but as 
at present this seems almost impossible, it is not too 
much to hope that the companies will use either one or 
other of these two brakes, and rolling-stock intended 
for through or exchange traffic should be provided with 
the complete apparatus for each system : this would be 
a great stride towards the settlement of the brake 
question. 

The action of the Westinghonse, or pressure system, 
is based upon the use of compressed air, or pressure 
greater than the 15 lbs. of the atmosphere ; whereas 
the vacuum system is applied by the force of the 
atmosphere acting upon one side of a piston, from the 
opposite side of which about 12 lbs. of the atmo- 
spheric pressure has been purposely drawn out or 
removed. 

Description of the Westinghouse Automatic Brake. 

The Westinghonse automatic brake is continuous 
throughout the train, and is operated by compressed 
air stored in a main reservoir on the engine, and in 
small reservoirs, one upon each engine, tender, and 
carriage, all connected by a pipe running the length 
of the train. There is also on each vehicle a triple 
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valve and brake cylinder, with pistons connected to tlie 
brake levers. 

Maintaining the pressure in the brake-pipe keeps the 
brakes off ; but letting the air escape from the brake- 
pipe, purposely or accidentally, instantly applies the 
brakes, by allowing air to pass from the small reservoirs 
into the brake cylinders. 

Fig. 10 shows the brake complete on an engine and 
tender. 

The engine, tender, and every vehicle of a train is 
fitted with the following parts, to be found on Figs. 10, 
11, and 12 : A triple valve, p, by means of which the 
instantaneous automatic action is produced, in conjunc- 
tion with a small reservoir, o, in which is stored the 
compressed air for applying the brakes; a brake 
cylinder, h, with pistons and rods connected to the 
brake levers and blocks. Upon the engine is also 
placed the steam-engine and pump, ab, which pro- 
duce the compressed air; a main reservoir, c, for 
storing the air necessary for releasing the brakes and 
recharging the small reservoirs ; a driver's brake valve, 
D, which regulates the flow of air from the main 
reservoir into the brake-pipe for charging the train and 
releasing the brakes, and from the brake-pipe to the 
atmosphere for applying the brakes. A single line of 
pipe, E, called the brake-pipe, extends the whole length 
of the train. Each van has a guard's valve connected 
to the brake-pipe, and a gauge to indicate the pressure 
of air. 

General Principle of Action. 

Compressed air is the power employed to work the 
brake. 

The air, compressed by a pump on the locomotive to, 
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say, 70 lbs. or SO lbs. to tlie square inch, fills tlie 
main reservoir on the engine, and fiowing through the 
driver's brake valve and main pipe, also charges the 
supplementary reservoirs throughout the train. When 
a train is running, uniform air pressure exists through- 
out its length — that is to say, the main reservoir on 
the engine, the pipe from end to end of the train, the 
triple valves, and the supplementary reservoirs are all 




Fig. 12.— Enlarged View ot Triple Valve, Brake Cylinder, and 
Supplementary Reservoir. 



Supplementary Reservoir. 

charged ready for work, the brake cylinders being 
empty and the brakes off. The essential principle of 
the system is that maintaining the pressure keeps the 
brakes off, but letting the air escape from the brake- 
pipe purposely or accidentally instantly applies them. 
As soon as the pressure in the brake-pipe is lowered, 
the triple valve piston on each vehicle is moved down 
by the greater pressure above it stored in the small 
reservoir, the air is then allowed to pass instantly into 
the cylinder, force out the piston and rods, and thus 
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cause the blocks to press against the wheels. It fol- 
lows, therefore, that the brake may be applied by the 
driver or any of the guards, or, if necessary, by a 
passenger*, as well as by the separation of a coupling 
or the failure or injury to a vital part of the apparatus, 
whether due to an accident to the train or to the 
brake ; and as the brake on each vehicle is complete in 
itself and independent, should the apparatus on any 
one carriage be torn off, the brake will nevertheless 
remain applied for almost any length of time upon the 
remainder of the train. 

The brakes are released by an increase of pressure in 
the main pipe, produced by the driver allowing air to 
pass from the main reservoir along the train. This 
moves up the triple valves, recharges the small 
reservoirs, and at the same time allows the air which 
had forced out the pistons to escape into the atmo- 
sphere, and the blocks to be withdrawn from the 
wheels by the spiral spring within the cylinder. By 
closing the half-inch cock. A, on the branch leading from 
the train-pipe to the triple valve, the brake on any 
vehicle can be cut out of the system. A release valve, 
Ky is also placed upon each cylinder, so that in the event 
of the brakes being applied by the separation of the 
train, or the breaking of a pipe, or when the locomo- 
tive is not attached, they can be released by allowing 
the air to escape from each brake cylinder direct. This 
release valve can be opened from either side of the car- 
riage by pulling a cord, and as it closes automatically 
there is no fear of its remaining open after being used. 

To enable vehicles to be detached without setting 

* If desirable the brake can be placed under the control of pas- 
sengers ; but the author does not consider this necessary. 

G 
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the brakes there is an inch cock at each end of every 
vehicle, which also serves to close the brake-pipe at 
the ends of the train. These cocks must always be 
opened after connecting the hose couplings £, and 
always closed before separating them. 

It will thus be seen — 

1st. That it is the air stored in the small reservoirs 
which applies the brakes, while the air in the main 
reservoir releases them ; and 

2nd. That the brakes are applied by a decrease of 
pressure in the brake-pipe, and taken o£E by restoring 
that pressure. 

So that, whether by the driver or guard operating 
his brake- valve, the accidental separation of the train, 
the breaking of a pipe, or any other means by which 
the pressure in the brake-pipe is suddenly reduced 
below that in the small reservoirs, the brake will be 
put on, and will remain on. It is, therefore, automatic 
in its action, and is a " tell-tale " as to its own condi- 
tion, and the author finds it to completely fulfil all the 
Board of Trade requirements. 

Description of the Vacuum Brake Company's 
Improved Automatic Vacuum Brake. 

Those who remember the vacuum brake as introduced 
into this country about the year 1874 by Mr. Smith 
will hardly be able to recognise it in its present 
improved form, the difEerences between the old and 
the present systems being so numerous that prac- 
tically nothing remains but the principle of pro- 
ducing the vacuum; in other words, the present 
automatic vacuum is a new and distinct appliance, and 
in place of the old non-automatic and inefficient 
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apparatus a brake has been perfected vhicb "appears" 
to comply with the celebrated conditions of the Board 
of Trade. 




The brake is worked by atmospheric pressure of about 
24 inches of mercury or 12 lbs. per square inch. This 
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partial vacuTUn is obtained by means of a steam- worked 
ejector fixed upon tbe engine,Fige. 13 and 19, and eup- 




plied with steam from the locomotive boiler. Tbe action 
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of tte ejector is inductive, the effect of the steam jet 
being to draw out the air from the train-pipe and all 
vessels in connection therewith. Beneath each vehicle 
ia the train is fixed a cylinder, which is in commanica- 
tion with the train-pipe, Figa. 16, 17, 18. When the 




Fig. 16.— End View. 



steam is turned through the ejector all these cylinders 
are emptied of their contents, but when from any 
cause, whether the accidental division of the train or 
the intentional act of the driver or guard, air is 
admitted to the train-pipe, a small baU-valye is caused 
by the rush of air to change its position, by doing which 
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the panage from the traiD-pipe to one dde of the piston 




iBcloBcd, whilst the other side is left open to the train- 
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pipe. The piston is thus oat of equilibrium, and tlie 




unbalanced presHure upon its underside forces it up, 



8b safe bailway woseing. 

und thus brings the brake blocks to bear upon the 
v-beelfl. 

^Vllen it is desired to release the brakes the air inlet 
valves are closed, and the ejector being set to work 
again draws out the air from the train-pipe and 
cylinders. As soon as the pressure on the under side 




■End View of Van. 



of the piston is reduced to an eqnality with that on the 
top side, the ball-valve opens the top side passage to 
the train -pipe, and the two sides of the piston being in 
equilibrium the brakes fall oflF the wheels by their own 
weight and the weight of the descending piston. 
Hence, in running, a vacuum is maintained throughout 
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all the pipes and cjlinders by means of the ejector, and 
the brakes are applied by destroying the vacnum on 
one Bide only of the brake pistons. 

The general artaogement of the apparatus will be at 
once understood from the elevations and plans shoving 
it attached to engines and vehicles. Figs. 13, 14, 15. 

Having described the principle of the brake, the 
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Pig. 19.— Ejector 



following particulars of details will show how the 
required results are obtained. 

Fig. 19 is the combined ejector by which the vacuum 
is formed and maintained in the train-pipe and brake 
cylinders. It is arranged so that, when the handle ia 
in the position shown, a small supply of steam is 
allowed to pass the cones of the small continuous 
ejector, for the purpose of keeping the vacuum from 
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destruction by leakage. When the handle is at ON 
the train-pipe is filled with air through the numerous 
perforations of the handle disc. When at OFF steam 
passes through the large ejector at its full power, 




Fig. 20. 



withdrawing air from the pipes and both sides of the 
brake pistons, and thus releasing the brake. 

The formation of the vacuum is brought about by 
the inductive action of the passage of a small amount 
of steam around the conical nozzles, the steam carrying 
with it a very much larger quantity of air. By the 
ejector handle the driver can easily either fully apply 
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or release the brakes, or he can adjust the pressure 
of tlie brake blocks to suit any necessary require- 
ment. 

Fig. 20 is a sectional view of the engine and tender 




brake cylinder ; it is provided with a piston made air- 
tight by means of a rolling ring which allows freedom 
of motion to the piston. To the piston is attached a rod 
which ia directly connected with the brake levers, as 
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sbovn, and to allow for the corratore of the path de- 
scribed by the moving levers, the cylinder is swung on 




-Section of the Ball Vdve. 



Fig. 22.- 

trunnions. Upon the uaderside of the cylinder is 
fixed the ball-valve. 

Fig. 21 shows the cylinder used for carriages and 




Fig. 23.— Elevation of Ball Valve. 
Tana ; it is similar to those for engines, except that it 
is placed within an eater casing of wrought iron, to 
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whicli are attached the trunnions upon which the 
cylinder swings. The outer casing acts as a vacuum 
reservoir, and its eflfect is to minimise the effect of 
compression of the rarefied air above the piston when 
the brakes are applied. 

Fig. 22 is a section of the 
baU-valve which provides 
for the automatic action of 
the brake. It consists of a 
chamber having free com- 
munication with the train- 
pipe, and with the lower 
side of the brake cylinders, 
to each one of which one of | 
these valves is attached, | 
and forms part of the con- | 
nection between them and 
the pipe. 
From the 
chamber 
of this 
automatic 





tinn\*K 



valve is also 
another passage, which leads 
to the top side of the brake 
cylinders, but this passage 
has a ball- valve to close it. 
This ball, however, has no 

tendency of itself to close Fig. 24.— Guard's Valve. 

the passage, being neutral, owing to the horizontal 
direction in which it rolls. It will therefore be seen 
that when the ejector is put in action the ball will 
allow air to flow out from above the brake pistons as 
freely as it flows from below them. When, however. 
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air 18 admitted to the train-pipe, by the driver, guard, 
or by the passenger, or by the breaking of the train, 
the rush of air to the now empty cylinders easily rolls 
the balls before it and against their seatings. This 
closes the top side passage, and the pressure of tlie 
atmosphere is left unbalanced upon the undersides of 
the pistons, thus forcibly applying the brakes. The 
ball will remain against its seat until it is set free by 
the ejector again drawing out the air from behind it. 

When it is desired to release 
the brakes of a vehicle, in 
a siding for example, and 
imcoupled from the engine, 
jg. this is done at once by pull- 
I ing at the lever shown con- 
nected to the valve, or 
rather to the little cage 
which carries the ball. By 
pulling the lever the ball is 
drawn off its seat by the 
encircling cage, and air rush- 
ing in releases the brakes. 
Fig. 24 is the guard's 
valve, by means of which he can apply the con- 
tinuous brake. Above the valve is a small vacuum 
chamber, in which is placed the guard's pressure 
or vacuum gauge. This chamber communicates with 
the train-pipe by means of the small hole through 
the valve-spindle. The opening at its base is made 
tight by a disc of india-rubber, which allows full 
movement of the parts without allowing air to pass. 

When the driver applies his brake he destroys the 
equilibrium between the pressure in the upper or 




Fig. 25. 
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gauge chamber and that in the train-pipe, and in 
obedience to the difference the guard's valve rises and 
admits air to the pipe through the holes shown round 
the valve chamber. By this means is insured the 
quicker application of the brake all along the train. 

A drip-cup and valve is shown (Fig. 25), to collect 
any moisture which accumulates in the pipes. 

An enlarged view of the coupling between the 
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Fig. 26. 

vehicles is shown (Fig. 26). To couple the hose-pipes, 
one must be taken in each hand and lifted sufiELciently 
high to hook the bottom horns together, then by 
lowering the coupling, the top horns fit into the slots. 
This coupling is becoming generally adopted for all 
forms of vacuum brakes. To close the brake-pipe at 
each end of the train, the coupling is placed upon a 
stop-plug. 



CHAPTER V. 

THE BREAKING OF LOCOMOTIVE DRIVING AXLES. 

Major Marindin, in his report upon the disaster 
which occurred at Bullhouse, near Penistone, on the 
Manchester, Sheffield, and Lincohishire Railway, upon 
the 16th July, 1884, remarked that the accident should 
lead locomotive engineers to consider carefully the 
relative advantages of engines with inside cylinders 
and crank axles, as compared with engines with outside 
cylinders and straight axles; of steel axles as com- 
pared with iron axles ; and of cranks hooped with 
wrought-iron bands, as compared with cranks having 
the additional strength provided by an increase of 
metal in the webs of the crank itself. In pursuance 
of that recommendation, a return was prepared, show- 
ing the number of driving axles in use, and the propor- 
tion thereof broken when running, and taken out in 
the shops after the detection of flaws, in the United 
Kingdom, during the year 1883, the details of which 
appear in the summarised returns given on the follow- 
ing page, from which it will be seen that " no less than 
one in every sixteen driving axles in use during the 
year 1883 were either broken or condemned/' Such a 
fact as this is certainly a'serious one for reflection. 
The advocates of the outside cylinder engines 
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ENGINE AXLES BROKEN OR DEFECTIVB, 1883. 





Number in 


Broken in 


Taken out in 


Description. 


use. 


running. 


shops. 


Lron. 


Steel. 


lion. 


Steel. 


Iron. 


Steel. 


Crank axles without 






Per 
Cent. 


Per 
Cent. 


Per 
Cent. 


Per 
Cent. 


hooped wehs . . . 
Crank axles with 


2,867 


4,733 


31 


0-9 


6-0 


3-8 


hooped webs . . . 
Straight axles, outside 


4,121 


1,222 


0-86 


0-9 


7-7 


0-7 


cylinders .... 
Total driving-wheel 


438 


1,467 


5-0 


0-5 


2-7 


0-8 


axles 

Total .... 


7,426 


7,422 


2-0 


0-8 


6-8 


2-7 


H, 


848 


2-8 


9-6 





Number in 
use. 


Broken in 

running 

with 

passenger 
trains. 


Broken in 
running 

with goods 
trams. 


Taken out 
in shops 
flawed. 


Crank axles . . . 
Straight axles . . 


12,943 
1,905 


70 
10 


108 
19 


680 
24 


14,848 


80 


127 


704 



frequently claim that they avoid the danger of a crank 
axle ; but from the above figures it appears that out of 
1,905 straight-driving axles, 10 were broken when 
running with passenger trains, 19 when running with 
goods trains, and 24 were taken out in the workshops 
after detection of flaws; it will therefore be seen that 
5'6 per cent, of straight-driving axles broke when 
running. 

It is satisfactory to notice that a large proportion of 
defective driving axles (704) were discovered and 
taken out in the shops, and, doubtless, a more careful 

H 
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and frequent examination will reduce the number 
" broken in running ; '' but still, growing flaws will 
exist, which no care or inyestigation can detect. It 
is often stated, and, indeed, is almost taken for granted, 
that a crank axle is, and must be, weaker than a 
straight axle; but there seems to be no proof that 
this is the case in practice, for when the various strains 
upon a crank axle are carefully calculated and worked 
out, they are found to fall far short of a force which 
would be sufficient to fracture a good sound axle. 

The question is constantly asked, " What is it that 
breaks a crank axle P '' and it is one which deserves 
very careful attention. As the weight resting on the 
axle, and the pressure of steam on the pistons, are 
certainly not enough to account for the fracture or 
failure, other reasons must be looked for, and other 
causes examined. When an CDgine is running at 
high speed, there is a greater or less amount of oscilla- 
tion ; this is kept in check by the flanges of the 
wheels, and great strain is put on the axles. Points 
and crossings are generally laid to gauge or even tight, 
and it frequently happens that the flanges of the 
wheels are thus pinched, and it will be at once seen 
that this action must exert an enormous force upon the 
axle by the tendency to bend it upward in the middle. 
This force is greatly increased with the size of the 
wheel, as the leverage or leugth of the spokes is 
greater. The author is of opinion that the strains 
which increase growing flaws, and ultimately end in 
fracture, are in a very great measure due to the force 
communicated to the axle by the wheels and flanges. 
He has, therefore, given this question of " side thrust '' 
very careful attention, and advocates the plan of turn- 
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ing the driving-wheel flanges thinner than the others^ 
in order to avoid the pinching action and side shocks 
as far as possible. At the present time^ great diflerence 
of opinion appears to exist with regard to the relative 
advantages of iron and steel crank axles. 

The following tabulated statement shows the number 
of axles in use in this country to December 31, 1883 : 



Railway. 



Fnmess 

Great Eastern 

Grreat Northern 

Great Western 

Ijancashire and Torkshiro . . . 
London and North Western . . . 
London and South Western . . . 
London, Brighton, and South Coast 
London, Chatham, and Dover 
Manchester, Sheffield, & Lincolnshire 

Metropolitan 

Metropolitan District 

Midland 

North Eastern 

North London 

North Staffordshire 

South Eastern 

Taff Vale 

Caledonian 

Glasgow and South Western . . 
Great North of Scotland .... 

Highland 

North British 

Great Northern of Ireland . . . 
G. S. & W. of Ireland .... 
Midland Great Western of L:eland 
Total of 68 minor lines .... 

Total, United Kingdom . 

Total crank axles . . . 

Total driying axles . . . 



Iron 

crank 

axles. 



6 

37 

709 

1,362 

673 

6 

90 

34 

216 



1,463 
1,383 

16 

132 

30 

13 

2 

681 

77 

22 
260 



6,988 



Steel 

crank 

axles. 



112 
380 
19 
410 
366 
2,174 
170 
329 
134 
282 



232 

66 

37 

99 

324 

7 

3 

264 

3 
2 

47 
172 

80 
263 

6,966 



12,943 



.Outside 
cylinder 
engines. 



1 

198 

37 

38 

8 

137 

324 

1 

12 

66 

42 

16 

13 

60 

9 

1 

3 

667 

13 

63 

69 

29 

6 



133 



1,905 
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From this table it will be seen that the Great 
NortherD, Great "Western, Midland, North Eastern, 
and North British Companies appeared to be in favour 
of iron cranks, the London and North Western being 
the most important supporter of steeL The advocates 
of steel axles frequently assert that the matter is simply 
one of '* strength/' and that as steel is stronger than 
iron, it must be better for use in axles ; but the author 
contends that very many other matters have to be 
considered besides the mere tensile strength of iron 
and steeL An axle may be too stiff and too strong, 
and this extra stiffness or rigidity causes extra strain 
and shock to be thrown upon it, which ultimately ends 
in its failure ; therefore it will be seen that an axle 
must have a certain amount of elasticity, and that it is 
not so much a question of what is sometimes called 
<< strength " as of capability to resist strains. It is a 
well-known fact that some straight axles have been 
made too rigid, and they have broken in consequence, 
but such breakage has been almost entirely prevented 
by reducing their diameter at the middle, and giving 
them more elasticity ; in other words, paradoxical as 
it may sound, the axles have been strengthened by 
weakening them. It has been truly stated that more 
iron than steel axles fail every year ; but, on the other 
hand, the fact must be remembered that there is a 
far larger number of iron cranks in use, also that they 
run a much greater mileage than steel before they 
break. 

The following table, compiled from the Board of 
Trade Returns, shows the total number of driving 
axles which have broken when running during the 
past five years, together with the average mileage : — 
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Year 1881. 262 crank or driving axles failed. 
L77 were made of iron. 
85 ,, ,, steel. 
Average mileage of 167 iron axles := 197,574 miles. 

,, „ 80 steel axles = 181,842 ,, 

Year 1882. 242 cases. 
156 were made of iron, 
oo ,) yy steel. 
Average mileage of 150 iron axles := 206,857 miles. 

„ „ 83 steel axles = 192,453 „ 

Year 1883. 247 cases. 
173 were made of iron. 
74 ,, ,, steel. 
Average mileage of 171 iron axles := 213,719 miles. 

„ „ 72 steel axles := 199,471 „ 

Year 1884. 200 cases. 
138 were made of iron. 

62 „ ,, steel. 

Average mileage of 135 iron axles := 216,333 miles. 

„ „ 59 steel axles = 173,287 „ 

Year 1885. 190 cases. 
127 were made of iron. 

63 ,, ,, steel. 

Average mileage of 125 iron axles := 226,037 miles. 
„ „ 63 steel axles = 219,644 „ 

It will at once be noticed that in every year the 
" steel " had the least number of cases, but the "iron " 
axles ran the greater mileage before breaking. 

A very interesting tabulated statement has been 
published by Messrs. Vickers, Sons, and Co., giving 
details and mileage of all the steel crank axles of their 
manufacture, the highest mileage attained being shown 
in the following table : — 
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Name or 

number of 

engine. 



"Munster" 

17 

251 

1,003 

36 

152 

Old 10. R.2. 

204 

5 

7 

23 

266 

14 

55 



Railway company. 



Great Northern of Ireland (N. Division) 

South Eastern 

London, Chatham, and Dover 
Great Southern and Western of Ireland 
Glasgow and South-Western 
^lanchoster, Sheffield, and Lincolnshire 

North London 

Maryport and Carlisle .... 
London, Brighton, and South Coast . 

Great Eastern 

Waterford and Limerick 
Belfast and Northern Counties 

Midland 

Great Northern of Ireland (S. Division) 
♦Taff Vale 



Mileage. 



547,965 
521,246 
479,515 
477,388 
420,517 
415,097 
412,536 
396,753 
391,115 
376,186 
360,959 
348,213 
326,102 
319,115 
252,938 



The above figures are useful, showing as they do 
what steel crank, axles can attain, but at present it is 
to be regretted that there does not appear to be any 
similar comparative table in existence giving the 
performance of iron axles. 

Through the courtesy of several companies and 
officials, the author has lately been supplied with a 
very considerable amount of valuable information, 
which, now carefully tabulated, adds to the data upon 
this important subject. So far as these inquiries have 
at present extended, they appear to point to a conclu* 
sion, that if a steel crank axle is defective or flawed 
when new, the failure takes place at an early period in 
its life, and that if it runs for 150,000 or 200,000 
miles, there is a great probability that it may after- 
wards run a very great distance. 

♦ With the exception of the Taff Vale axle, aU the others were at 
work when the details were compiled. 
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It will be understood that this opinion is not men- 
tioned in a spirit of assertiveness, but is simply 
recorded in order that the circumstances may be con- 
sidered and further investigated by any person who 
may be devoting attention to this branch of locomotive 
engineering. If the above conclusion proves to be 
founded on sound data, it will be important, as in 
such case w^ shall probably have to wait until some of 
the cranks which have run an unusual mileage ulti- 
mately break, which may be a period of several 
years. 

From the table (page 97) it will be seen that con- 
siderable diflPerence of opinion appears to exist with 
regard to the value of hooping the webs of the cranks, 
there being 5,343 with such hoops, and 7,600 without. 
The author, having obtained all available details from 
the various companies, had some experiments made, and 
also witnessed others, the result being that it appeared 
that when a crank- web breaks nearly or quite straight 
across, the hoops are of the greatest use in holding 
the crank together; but, on the other hand, when the 
fracture occurs in a slanting direction, the hoop is not 
only rendered of no value, but it even tends by its 
tightness to force the broken parts out of the required 
position. The hooping of a crank practically lengthens 
it about 2 inches, and there are very many engines 
running in which hoops cannot be employed in conse- 
quence of there being no available space between the 
crank and the under side of the boiler. 

To overcome the above-mentioned difficulties, the 
author designed and applied for a patent for an im- 
proved method of strengthening the webs or throws of 
cranks, Fig. 27. The crank having been manufactured 
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in the usual manner, the improvement consists in 
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Fig. 27.— Stretton's Patent Crank. 

drilling two holes of about 2 inches diameter through 
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the length of the webs, a a. A bolt, pin, or screw, 
B, is then passed through the said holes. 

Each bolt should be made of steel, having a tensile 
strength of not less than 40 tons per square inch, and 
can be either screwed into the web or made a driving 
fit and forced in by any desired hydraulic pressure, 
and afterwards secured by a nut and split-pin. 

c c shows the position of a slanting fracture, and 
the manner in which the bolts would strengthen the 
crank when working, and in case of breakage, they 
would hold the web in place in such a manner that 
the wheels of a locomotive engine would be prevented 
from leaving the rails, and thus give time for the 
engine-driver to bring his train to rest and prevent a 
disaster. 

The patent is dated 7th September, 1885, No. 
10,556; it has become the sole property of Messrs. 
Vickers, Sons, and Co., Sheffield, by whom it is being 
introduced and manufactured. 

The annexed diagram. Fig. 28, illustrates the crank- 
axle of the Manchester, Sheffield, and Lincolnshire 
Company's engine, No. 434, which broke when running 
at a speed of about 50 miles an hour, and caused the 
Penistone disaster, by which twenty-four persons were 
killed and sixty-four injured. The position of the 
fracture is clearly shown across the outside web of the 
right-hand crank. 

This axle was made by Messrs. Taylor, of Leeds, 
and was forged in the usual manner out of an ingot of 
cast steel, the slot pieces being knocked out after it 
was annealed. 

The webs were 14^ inches in width, but without 
hoops, the outer webs being a quarter of an inch 
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thinner than the inner ones. It is difficult to account 
for the fracture of the crank at that particular time, 
for, although there was a growing flaw in the web, the 
author measured it, and it did not exceed 4^ inches in 
length and 2 inches in depth at the deepest part, and 
it is probable that the flaw did not extend to the 
surface till the fracture occurred. 

According to the tests of pieces cut from this crank 
after the accident, the metal was a mild, soft steel of 
good quality, with a tensile strength of 27 tons per 
square inch. 

EloDgation 29 per cent. 
ContractiozL 40 per cent. 

The analysis showed the following results : — 

Carbon -230 

Manganese *482 

SiUcon -063 

Sulphur -027 

Phosphorus '066 

Iron (by difference) 99-133 

100-000 

The engine had cylinders 17inches diameter, 26inches 
stroke, with driving-wheels 6 feet 3 inches diameter, 
haying 15 tons 14 cwts. resting upon them. The crank 
was well designed, and contained ample material to 
give the required strength; however, we know that 
it broke with disastrous results after running only 
50,776 miles. 

It may be here mentioned that several railway com- 
panies specify that one out of fifty axles shall be tested, 
and stand five blows from a weight of 2,000 lbs. falling 
from a height of 20 feet, upon the axle, upon supports 
3 feet 6 inches apart, the axle being reversed after each 
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blow. Straight axles for enginea should be able to 
Btaiid being bent double when cold, without signs of 
fracture. On some lines it is expected that crank axles 
should run 200,000 miles, and if they fail at a less 
mileage, the manufacturer is required to replace them. 

The author does not advocate the adoption of either 
iron or steel for cranks, his object being to fully and 
impartially continue his inquiries with a view to draw- 
ing out practical data and conclusions upon this subject, 
which it is known and admitted is not yet so well un- 
derstood as it should be, and requires careful study. At 
present perhaps the most important information neces- 
sary is full details of every axle which faUs, specially 
stating the exact point at which the fracture occurs ; it 
is to be hoped that these data will in future form part 
of the Board of Trade Returna. 

Reference should here be made to the practice of 
continuing the use of a crank axle after it is suspected, 
or has even shown a slight flaw. At the Peniatone 
inquiry it was given in evidence that if a flaw was 
detected the crank and pair of wheels were scotched 
and fixed to the raila in the shop, and another pair of 
wheels run against the pair to be tested, and if they 
stood that test they were considered all right. The 
author has known many suspected cranks break when 
working fast trains, and at the present moment he 
knows of several "doubtful" ones which may he the 
cause of a disaster any minute, ilajor Marindin, in 
his report, stated, " It is manifest that the more fre- 
quently cranks are examined thoroughly, the greater 
probability there will be that growing flaws will be 
detected ; he therefore recommended that the big ends 
should be taken down at the weekly examinationa, 



/T^ 




"'» I I \ ■■ I : I I ■ ' 

I Si ■ ' ■ 



2 



Fig. 29.-- Crank Axle, Larbert Accident. 
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instead of only monthly^ as at present ; and as regards 
the Manchester, Sheffield, and Lincolnshire Railway 
Company, in particular, he observed that there must be 
considerable and unjustifiable risk in running a sus- 
pected axle under observation, when an apparent flaw 
has not been extended by the test to which it has been 
subjected, which, according to the evidence of the super- 
intendent of the works at Gorton, was the practice upon 
that Kne/' (July, 1884.) 

On the 24th of August an accident was caused at 
Larbert Junction on the Caledonian and North British 
Railways by the breaking of the inside web of the right- 
hand crank of a Caledonian Company's tank engine, 
No. 541 (Fig. 29), when working the 10.15 p.m. passenger 
train from Larbert to Grangemouth, the speed being 
about 15 miles an hour. The engine had six wheels, the 
leading and driving being coupled ; a single frame 
and single bearings ; the stroke was short, being only 
20 inches. 

The crank axle was of steel, made by the Bolton ton 
and Steel Company, and its dimensions will be found 
upon the diagram. It had been working since Novem- 
ber, 1870, and had run a total distance of 210,581 miles. 
It was not hooped. General Hutchinson in his report 
stated, " It is a grave question whether it is wise to 
continue to run crank axles after their mileage has 
reached a certain amount (to be fixed after careful con- 
sideration), especially in the case of steel axles, which 
often give such little warning before fracture.*' 

The following table, compiled from the Board of 
Trade Returns, shows the total number of axles of all 
descriptions which have broken when running during 
the past eight years : — 



AXLBS BBOKSN IN EIOHT YBABS. 



Ill 



Year. 


Engine azlet. 


Tender 
axles. 


Carriage 

azlee. 


Wa«gon 
azlee. 


Salt Tan 
axles. 


Total. 


Crank or 
driying. 


Leading or 
trailing. 


1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 


266 
248 
251 
262 
242 
247 
200 
190 


21 
24 
27 
21 
22 
28 
23 
31 


19 
23 
25 
37 
32 
21 
24 
17 

I 
1 


3 
3 
1 
3 
2 
2 
6 
4 


221 
190 
192 
200 
140 
141 
113 
130 


10 

8 
18 
17 
13 
11 
19 

5 
1 


540 
496 
514 
540 
451 
450 
385 
377 



It IS sincerely to be hoped that Major Marindin's 
suggestion as to the careful consideration of this sub- 
ject will receive every attention; and that, as a practical 
result, a more perfect crank axle will be employed, 
which, together with the universal adoption of a quickly- 
acting automatic continuous brake, will render the 
recurrence of such a terrible disaster as that which 
happened at Penistone impossible. 



CHAPTER VI. 

IMPROVED COUPLINGS FOR RAILWAY WAGGbNS. 

One of the most important matters discussed at the 
Amiual Congress of the Amalgamated Society of Bail- 
way Servants, October, 1885, was the great necessity for 
some improved form of couplings upon goods and 
mineral waggons, in order to avoid the g^uards and 
shunters having to go between the vehicles to couple 
or uncouple them. During the year 1884, 130 men 
were killed and 1,305 injured whilst engaged in shunt- 
ing operations, and during the last nine years 1,122 
have been killed and 11,314 injured under similar cir- 
cumstances. The railway companies have for years 
been asked to take steps to prevent this serious loss of 
life, but unfortunately nothing was done to test the 
various appliances. The Servants* Society, however, at 
the Congress voted the sum of £500 to carry out 
the required practical trials. The experiments took 
place at the Nine Elms goods yard of the London and 
South-Western Railway, and, as the author was one of 
the judges upon that occasion, a copy of the report is 
appended : — 



REPORT AND AWARDS 



OF THB 



JURORS OF THE COUPLING TRIALS, 

Meld at the Nine Elma Goods Yard of the London and South- 

Western Railway, 

On^MARCH 29th, 30th, and SIst, 1886. 



To the President and Members of the Amalgamated Society, 

Gkktlemen, 

It will be remembered that at the annual general 
meeting of the Society, held at Leicester in October, 
1885, a report was received from a committee appointed 
to examine the railway safety appliances at the Inven- 
tions Exhibition. In that report the committee stated 
that " no reKable report as to the efficiency of any 
system of coupling or uncoupling could be based upon 
the results of experiments with models alone. Nothing 
short of a trial with the full-sized and actual working 
appliances could be relied on, and they considered it of 
the utmost importance that a test of this kind should 
be arranged." Acting on this suggestion, the annual 
general meeting decided to set aside £500 for the 
purpose of offering prizes to inventors and to meet the 
necessary expenses, and instructed the executive com- 
mittee to make what arrangements were possible for 
practically testing full-sized improved couplings. Such 
is a brief outline of the coupling question as it existed 
at the time of your last annual general meeting. 
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"We now beg to report that, in pursuance of the fore- 
going instructions, we have instituted, carried out, and 
brought such trials to a highly satisfactory conclusion. 
In order to arrive at such a result^ it was necessary in 
the first place to obtain the use of sidings, waggons, 
and an engine ; and as soon as our requirements were 
made known through the press, Mr. Charles Scotter, 
general manager of the London and South- Western 
Railway, courteously invited two of the Society^s 
officers to meet him at the Waterloo Bridge Station, 
so that he might know the extent of our requirements. 
Accordingly, on the 8th of January, an interview took 
place between Mr. 0. Scotter, general manager, and 
Mr. J. T. Haddow, goods manager of the London and 
South- Western Railway, and Mr. Clement E. Stretton, 
C.E., vice-president and consulting engineer, and Mr. E. 
Harford, general secretary, on behalf of your society; 
when Mr. Scotter at once offered every facility that 
could be desired, and expressed a hope that the trials 
might result in practical benefit. It was also arranged 
that the trials should take place at the Nine Elms 
goods yard, as by its proximity to London, and its 
extensive siding accommodation, it presented a most 
suitable area for conducting such experiments. 

On the 13th of January, 1886, a circular was issued 
to inventors by the general secretary, requesting those 
desirous of competing to forward drawings, specifica- 
tions, or models of couplings they desired to have tested, 
to the head offices of the Society before January 30th. 
In response to that circular upwards of three hundred 
inventions were submitted for inspection, very many of 
which were crude and clearly unpractical, but, after 
careful examination by a sub- committee appointed for 
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that purpose, it reported that thirty-four of the 
appliances appeared to possess merit, and deserved to 
be entered for trial. 

At the meeting of the executive committee in 
February, 1885, it was resolved that the jury to decide 
the relative merits of the couplings selected for trial 
should consist of thirteen members of that committee 
(who were at liberty to send substitutes in the event of 
not attending themselves) and three independent ex- 
perts, viz., Mr .plement E. Stretton, O.E., Mr. Lawrence 
Saunders, and Mr. Joseph Stevenson. This jury, as 
constituted, consisted of nine goods guards, two engine- 
drivers, one fireman, a signalman (who had previously 
been a shunter), and the experts just mentioned. It 
was further decided to oflfer three prizes for automatic 
and three for non-automatic couplings, of £100, £50, 
and £25 respectively, and to issue the following condi- 
tions, in order that inventors might understand the 
objects to be attained. 



NON- AUTOMATIC COUPLING. 

1. The operations of coupling and uncoupling must 
be performed quickly and with ease on either side of 
the waggon. 

2. The apparatus should be equally efficient for 
coupling or uncoupling with a waggon fitted with 
ordinary hook and links. 

3. Accidental uncoupling must be impossible. 

4. K the apparatus should be out of order it must 
be possible to couple or uncouple the waggons as at 
present. 
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5. There must not be any projection at the sides or 
otherwise, with which the men might be accidentally 
struck. 

6. The present drawbar hook should not be disturbed. 

7. The parts must be capable of rough usage, and 
not liable to get out of order. 

Automatic Coupling. 

1. It must be possible to couple two or more waggons 
instantaneously on coming in contact with each other, 
and without the assistance of the shunters. 

2. It must not be possible for waggons to couple on 
coming in contact with each other unless required to 
do so. 

3. It must not be possible to uncouple accidentally. 

4. The operation of uncoupling must be performed 
with quickness and ease on either side of the waggon. 

5. It must be possible to couple easily with a waggon 
fitted with the ordinary drawbar hook and links. 

6. It must couple or uncouple, if required, on curves. 

7. The links or shackles must be flexible, and admit 
of waggons running together without the possibility of 
uncoupling. 

8. The flexibility of the present links must be pro- 
vided for to prevent accidents or injury to the apparatus 
or otherwise from rigid projections or parts. 

9. There must not be any projections whatever, liable 
to cause accident or injury to shunters. 

10. The apparatus as a whole must be strong, durable, 
and reliable. 

11. The operation of putting the apparatus in posi- 
tion to couple, as also the operation of uncoupling, must 
be possible with one hand. 
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The following inventors submitted their couplings 
for trial: — Messrs. Younghusband and Hudson, of 
Darlington ; Messrs. Wass and Wheeler, of Oldbury ; 
Mr. W. Hill, of Stoke-on-Trent ; Mr. R. Lansdale, 
of Halewood, near Liverpool; Mr. S. Pettit, of 
Kingston-on-Thames ; Mr. C. Wroot, of Hitchin ; 
Messrs. Morris and Wood, of Doncaster ; Messrs. 
W. Cook and Sons, Glasgow and Sheffield ; Mr. J. 
Koyston, of Accrington ; Messrs. Latham Brothers, of 
Sheffield ; Mr. J. Davies, of Salford ; Mr. J. T. Roe, of 
Balham ; Mr. G. Turner, of Ashton-under-Lyne ; 
Messrs, Beddall and Small, of Openshaw ; Mr. J. H. 
Betteley, of London ; Mr. W. H. Moon, of Swindon ; 
Messrs. Attock and Morris, and Attockand Mosley (2), 
of Newton Heath ; Mr. G. Fenwick, of Gateshead ; 
Mr. T.Williams, of Stockton-on-Tees; Messrs. Mitchell 
Brothers, of Keighley ; Mr. J. W. Hancock, of Leices- 
ter ; Mr. C. B. Phillips, of Chester ; Messrs. Ibbotson 
Brothers, of Sheffield ; Messrs. Richardson and Green- 
wood, of Harrogate ; Mr. W. Boucher, of Bullo Pill ; 
The Hannay-Cowan Coupling Co., of Glasgow ; Dar- 
ling's Patent Automatic Coupling Co., of Glasgow ; 
Mr. E. Heinke, of Upper Teddington; Mr. F. W. 
Trewhitt, of Barrow-in-Furness ; Messrs. Holt and 
Whittaker, of JSTewlay, near Leeds ; Mr. H. Stephens, 
of Beighton, near Sheffield; Messrs. Golightly and Son, 
of Guide Bridge ; and the Compagnie des Appareils 
Automatiques, of Paris. 

Of these inventions seven belonged to the automatic 
class, and twenty-seven to the non-automatic class. 
The automatic couplings, as their name implies, couple 
themselves when the waggons come in contact, and are 
put out of action when not required to couple. The 
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non-automatic couplings consist of various forms of 
links or chains, which are placed upon the drawbar 
hook of the next vehicle by means of various kinds of 
apparatus designed by the inventors for this purpose. 

The methods adopted for testing the capabilities of 
the various couplings were of a decidedly practical 
character, and such as suggested themselves from our 
experience of every-day working of goods and mineral 
traffic on railways, which enabled us to form what we 
consider an accurate judgment of the merits and defects 
of each. 

The result of the tests applied on the two first days 
was the selection of thirteen of the best inventions, for 
final test or consideration. Several of these possessed 
considerable merit, consequently the most close exami- 
nation of minute points was made in order to determine 
their relative value, and it is worthy of notice, as a 
fact that adds greatly to the interest and value of these 
trials, that the voting in favour of these inventions, to 
which we have awarded the six prizes, was almost 
unanimous. 

The following are our awards : — 

NON-AUTOMATIC COUPLINGS. 

1st prize of £100 — Messrs. Younghusband & Hudson, of Daxlington. 
2nd „ £60— Mr. W. Hill, of Stoke-on-Trent. 
3rd ,, £25 — Messrs. Willlam Cook and Sons, Glasgow and 

Sheffield. 

AUTOMATIC COUPLINGS. 

1st prize of £100 — Darling's Patent Automatic Couplinq Co., 

Glasgow. 
2nd ,, £50— Messrs. Latham Brothers, of Sheffield. 
Srd ,, £25— CoMFAONiE des Afpareils Automatiques, of Paris. 

With regard to the unsuccessful competitors, it is 
only fair to observe that some of their inventions had 
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points of merit that carry >vitli them their own recom- 
mendation^ while the points in which they failed might 
possibly be remedied^ so that we take this opportunity 
of pointing out the defects obsenrable in some of them 
which would be prejudicial to their adoption : — 

1st. Kigid projections at the ends of the waggons, 
rendering them liable to injury by fouling other waggons. 
Also risk of injury to persons operating, through levers 
being awkwardly placed at the side of the waggons. 

2nd. The position of the apparatus being so high as 
to interfere with sheeting, and not being adapted to 
low-sided waggons. 

3rd. Not being adapted to couple when the drawbar 
hooks are in close proximity to each other nor suited 
to the varied length of buflfers. 

4th. Apparatus not adapted to fit coupling chains at 
present in use, in some cases alteration of a hook being 
also required. 

5th. Levers so placed as to prevent shunters seeing 
the coupling when operating it. 

6th. Failure to couple with certainty when applied. 

7th. The apparatus being too heavy to work easily, 
some exceedingly so. 

8th. Requiring practice or " knack " before they can 
be handled efficiently. 

9th. Danger of damaging apparatus when placed in 
coupling position on waggons with spring buffers coming 
sharply together. 

In conclusion, we beg to congratulate the Society 
upon the highly satisfactory termination to which the 
coupling trials have been brought, and the large amount 
of public interest they called forth. Never since the 
great brake trials at Newark in 1875 has such a 
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concourse of directors, officials, inventors, engineers, 
and railway servants been collected together to witness 
the carrying out of a trial of safety appliances, and it 
is certainly the first occasion upon which any railway 
company has ever placed a portion of its lines, rolling 
stock, engine and servants, for the time, entirely 
under the control of any Society, or person, and we 
hereby express our high appreciation of the courtesy 
shown to us, and the ample facilities afforded by the 
directors and general manager of the London and 
South- Western Railway. Finally,* we are of opinion 
that the appliances to which upon their merits we have 
awarded prizes are good, practical, and inexpensive f coup- 
lings, which appear to fulfil all that can be required in 
duily working, J and we have no hesitation in stating 
that their adoption would for ever terminate that fear- 
ful slaughter which annually results from goods guards 
and shunters having to pass between the waggons to 
couple and uncouple them, and which is so much- 
deplored by the members of this Society, and the 
railway service generally. 

We have the honour to be, gentlemen. 

Your obedient servants, 

Clement E. Stretton, J. Buckley, 

Lawrence Saunders, Bernard C. Starkey, 

J. Stephenson, Henry C. Mady, 

Johnson Flintham, H. Davies, 

James Jenkins, T. Bevan, 

* J. Stephenson dissents from the first clause, commencing at the 

word ** finally." 
t J. Easton objects to the words, "practical and inexpensive." 
J W. EUiss objects to the words, " which appear to fulfil aU that 

can he required in daily working." 
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Charles Wright, W. Elliss, 

Ed. Garrity, William Foreman, 

Fred. Willis, J. Easton, 

Edwd. Harford, General Seci^etary. 

Head Offices, Amalgamated Society of 
Railway Servants, 
306, City Road, London, E.G. 
May nth, 1886 



DESCRIPTIONS OF THE SIX PRIZE 

COUPLINGS. 

The Coupling of Messrs. Younghusband and 

Hudson, Darlington. 

Ist prize, non-aufomatic, £100 (Fig. 30). 

This coupling and uncoupling appliance is a very 
simple contrivance, and is especially designed to take 
hold of and utilise the existing links and hooks on rail- 
way waggons without any alteration to the same. By 
a simple combination of swivel joint and lever, every 
possible kind of movement can be given to the links 
by taking hold of the outside lever, which projects no 
farther than the outside of the buffer beam of the 
waggon, and from the great power a man has with the 
lever, it is well adapted to couple and uncouple stiff 
couplings. An idea of the facility of the arrange- 
ment will be gained from the fact that the time occu- 
pied to couple and uncouple a waggon is only two 
seconds. The weight of the coupling is 36 lbs. for 
each end of the waggon, and can be supplied at a cost 
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of lOs. for each end of waggon. This apparatus can 
be made equally applicable to screw couplings as well 
as to chain couplings. 




The CouPLiKG (if "W. Hill, Stoke-on- Trent. 
2nd prize, non-automatic, £50 (Fig. 31), 
To couple waggons lift the handle, which lifts the 
end link veirticaUy to the height required for hooting 
on the other truck ; oa raising the handle a little 
higher, the end link travels laterally to the full length 
of chain; loose the handle, and end link drops over 
hook of the other waggon, and the work of coupling is 
complete. This arrangement is adapted for coupling 
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either full length of chain or aa ahort as possible. To 
uncouple, raise the handle until the end link ie high 
enough to inias point of hook, then loose the handle 
and the balance weight completes the work. Retains 




Fig. 31.— WiUiam Hill, Slofce-on-Trent (2nd prize, 



the present drawbar and hook, and will couple with 
any present rolling-stock and stand rough usage. 

The Coupling of "W. Cook, Jun., Glasgow. 

Srdprize, non-automatic, £25 (Fig. 32). 

The operations of coupling and uncoupling can be 

performed quickly and with ease on either side of the 

waggon. The apparatus is fitted to the ordinary hook 
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and linkB. Accidental uncoupling must be imposfiible. 
If the apparatus should be out of order, it is possible to 
couple or uncouple the waggons as at present. There 
is not any projection at the sides with which the men 
might be accidentally struck. The present drawbar 
hook is not disturbed. The parts are capable of rough 
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Fig. 32. — Hr. W. Cook, Jun., Glaegon (3rd prize, Dou-automalic]. 

usage, and not liable to get out of order. Will couple 
and uncouple with stone or coal waggons fitted with 
end doors for shipment. Will couple and uncouple 
with pig-iron and timber waggons, with no ends above 
trains. Will allow the tarpaulin to be fastened round 
buffers and ends of waggons without interfering with 
coupling apparatus. Will couple and uncouple on the 



AUTOMATIC COUPLINGS. 125 

sharpest corves and with twisted drawbar hooks. Will 
couple and uncouple though the buffers be driven home 
and the drawbar hooks be only 2 inches apart. The 
inyentor claims that it will couple and uncouple in the 
dark as well as in daylight. The apparatus will fit 
chains with or without shackles^ and will couple with 
stiff shackles ; also suits any length of chain or long 
or short links. The apparatus remains intact though 
the coupling chain should break. 

Darling's Automatic Railway Coupling, Glasgow. 

let prize, autqinatie, £100 (Fig. 33). 

The coupling is simple in construction, and combines 
with its simplicity all the requirements of an automatic 
coupling. One sees little that makes it different from 
an ordinary link coupling, while the link hanging 
loose on the opposing end proves that while flexibility 
is combined with necessary rigidity no new element of 
danger from projecting and absolutely rigid parts is 
introduced. The hook (which is practically the present 
drawbar hook modified to suit the needs of automatic 
action) is capable of assuming three or more different 
positions, and by a very simple arrangement automati- 
cally locks itself while in any of these positions. The 
coupling is by this means made to be perfectly reliable 
in the performance of the requirements of each position. 
In one position the links aye horizontal, and the for- 
ward link sliding up the tail-piece of the opposing hook 
strikes a hood on the drawbar, and falls into the hook 
as if laid in by hand. The coupling has thus taken 
place automatically. This action of coupling has also 
relieved the back link from the support which renders 
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both links sufficiently rigid for coupling purposes. 
WLen it is desired to raise the links rigidly, the hook 
is yet further turned, when they are caught and held 
rigidly till put in the position for coupling ; they are 
then coupled and rendered again flexible, as before 
described. According to the projection or recession of 




Fig. 33. — Darling's Coupling Co., Glasgow (let prize, automatic), 
the links, less or more tension can be had as deaired, 
and the inside of the hook, being a radius of the centre 
on which it is turned, makes the uncoupling with ease 
a thing of course, and, in addition, has the advantage, 
when mixed with present stock, and the ordinary chain 
coupled on the hook o£ this coupling, the vehicles so 
coupled can be uncoupled from the outside ; this in a 
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tram of ten vehicles, five of which are fitted as at 
present, and five with this coupling, the whole can be 
uncoupled from the outside. The whole coupling 
has been called a multum in parvo and the advantages 
may be summarised as follow: — It couples two or 
more carriages instantaneously^ as far as the buffers 
are compressed, by the ordinary means of running the 
carriages together ; it uncouples instantaneously ; it 
can be imcoupled when the train is in motion, or when 
the coupling is in tension, if desired ; it can be un- 
coupled, or put in position for coupling, from either 
side or end of carriage, or from inside or outside of 
van ; it is locked in position when coupled, and locked 
out of position when uncoupled ; the driver can in- 
stantly uncouple his train or load ; it is said to effect a 
great saving in time, and insures perfect immunity 
from danger during shunting operations, on account of 
coupling and uncoupling being performed without the 
necessity of any person going between the vehicles. It 
is believed that its cost will exceed but little the in- 
efficient and dangerous coupling at present used ; un- 
coupling and putting in position for coupling are of 
course done from either side or end of waggon or 
vehicle, and can be easily done with one hand. 

The Coupling of Latham Brothers, Sheffield. 

2nd prize, automatic, £50 (Fig. 34). 

When two carriages, fitted with this coupling, are 
forced together, the higher link rides up the other, 
and a slight pressure on the buffers allows the link to 
drop automatically over the hook. The buffer springs 
then reassert themselves, thus making a perfect self- 
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coupling for carriages, witli all the necessary tighten- 
ing, &c., and entirely dispensing with manual assis- 
tance. For trucks the coupling is the same as for 
carriages (minus tightening apparatus), but longer in 
the link, to allow plenty of play when coupled, for 
curves, &c. For uncoupling, a pin passing through 




Fig. 34. — Messrs. Latham Brothers, Sheffield (2ni] prize, automatic). 

the drawbar and loose hook ia easily withdrawn by 
raising the lever to which it is attached, allowing the 
hook to revolve on the shackle-pin, thus freeing the 
link. The instant the link is free, everything falls 
automatically into its place, ready for coupling again. 
As will be seen, this supplies a long-felt want, viz. a 
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perfect slip hook, invaluable for sliunting of every de- 
scription, as it can be uncoupled in any position. For , 
fly ahunting, where vehicles are required to be together 
without being coupled, the automatic link can be 
thrown back, or by booking the side lever up, which 
withdraws the lock-pin. 




The CoDFLisG of the Compagnik des Appareils 

AuTOMATiQUES, Pakis (Fig. 35), 

Zrd prize, automatic, £23. 

It IB said this automatic coupling is not the first idea 

of an inventor, but the result of five years' continual 
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Study and experiment. The inventor claims this 
coupling fulfils the following conditions : — ^It is possible 
to couple two or more waggons instantaneously on 
coming in contact with each other, and without the 
assistance of the shunters. It is not possible for wag- 
gons to couple on coming in contact with each other 
unless required to do so. It is not possible to un- 
couple accidentally. The operation of imcoupling is 
performed with quickness and ease on either side of 
the waggon. It is possible to couple easily with a 
waggon fitted with the ordinary drawbar, hook, and 
links. It couples or uncouples, if required, on curves. 
The links or shackles are flexible, and admit of wag- 
gons running together without the possibility of 
uncoupling. The flexibility of the present link is 
provided for, to prevent accidents or injury to the 
apparatus, or otherwise from rigid projections or parts. 
There are no projections whatever liable to cause 
accident or injury to shimters. The apparatus, as a 
whole, is strong, durable, and reliable ; it has been 
tested at a strain of 50 tons, whereas the ordinary 
hook and chain are usually tested at 30 tons. The 
operation of putting the apparatus in position to couple, 
as also the operation of uncoupling, is possible with 
one hand. It can couple with a difference of 8 inches 
in height between the buffers. This coupling can be 
adapted to any existing waggons without requiring 
any alteration whatever in the rolling-stock. 



CHAPTER VII. 

EAILWAT SERVANTS AND THE LAW. 

The safe or dangerous way in which a railway is 
worked not only affects the lives and limbs of the 
railway servants, but it has another very serious 
aspect — namely, the law of manslaughter, and the 
very uncertain manner in which that law is adminis- 
tered. 

Accidents constantly occur through the defective 
system of working adopted by the companies; but, 
unfortunately, whatever the system, when an accident 
causes the death of a person, the railway servants are 
liable to a charge of manslaughter ; and the most 
important work which the Amalgamated Society per- 
forms is the legal defence of its members against the 
improper or unjust administration of the law in such 
cases. 

There can be no question that the duties which 
railway servants have to perform are of such a nature 
that a momentary error may cause a serious accident, 
and it cannot therefore be too strongly urged upon 
them to take every care to provide for the safety of the 
traffic so far as lies in their power. 

For many years it was quite usual to commit 
railway servants to prison unjustly, and it mu^t \i^ ^ 
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source of the greatest regret to every honest person to 
know that in very many instances the unfortunate 
men actually served long terms of imprisonment simply 
because juries did not understand the practical working 
of railways ; they appeared to consider that as some 
person had been killed by an accident that it was part 
of their duty to see that some railway servant was 
blamed, or punished for manslaughter. This was a 
very easy and quick way of concluding an inquest or 
trial, but it was neither according to law nor justice, 
and certainly must not be permitted in the present 
day. 

In Scotland, sheriffs and other authorities appear 
still to be of the old opinion that the best way to 
prevent railway accidents is to punish the servants; 
but it is perfectly well known that the only true 
policy for the prevention of what are called "acci- 
dents '' is to adopt a proper system of working and 
the use of efficient brakes and other appliances to 
insure safety. 

It has always been the custom whenever an accident 
happens for the companies to at once try to place all 
the blame upon some servant, in order that he may be 
punished, and that the responsible officers who are 
really to blame for neglecting to provide proper 
appliances may escape scot free. This very unjust 
practice has been most strongly condemned by both 
public opinion and the press. Fortunately, cases of 
unjust imprisonment have now been reduced to a 
minimum, and this happy result is mainly due to the 
persistent efforts of the Amalgamated Society of 
llailway Servants. 

This one fact shows more clearly than words the 
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necessity which exists for a legal defence fund, and 
also the very great advantages which have accrued to 
members from the efficient way in which this fund has 
been employed to provide legal defence and obtain 
justice in such cases. 

On the 31st August, 1878, a collision took place at 
Sittingboume, on the London, Chatham, and Dover 
Railway, in consequence of part of a goods train 
being turned across the path of a passenger train by 
the mistake of a guard. The points were not inter- 
locked nor worked from a signal-box, nor was the 
passenger train fitted with continuous brakes. Both 
the goods guards were tried for manslaughter, but 
were found " Not Guilty." 

A serious collision occurred at Burscough Junction, 
on 15th January, 1880, in consequence of a signalman 
mistaking the position of a lever in his box. He was 
tried for manslaughter. The law was clearly laid 
down in this case, and is here quoted for further use 
upon any future occasion. Lord Coleridge explained 
the law of manslaughter, and stated that ''the 
collision was the result of an innocent mistake, not 
through a criminal act which merited imprisonment ; " 
and the signalman was acquitted. 

The Rutherglen accident is one to which special 
attention should be directed. On the 24th January, 
1880, an express train came into collision with another 
train standing at Rutherglen Station upon the Caledo- 
nian Railway, chiefly in consequence of the Clark and 
Webb chain hrsike failing to act when required. Although 
no person was killed, the driver, William McCuUoch 
(who had for thirty-three years held an unimpeachable 
character of carefulness, attention to duty, and sobriety). 
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was tried before Mr. Sheriff Lees, at Glasgow, on a 
charge of " Neglect of duty." 

The sheriff placed very great stress upon the fact 
that the train was "fitted with a brake which was 
happily characterised as an emergency brake/' but he 
entirely omitted to take into his consideration that just 
upon the emergency the chain brake failed to act when 
the driver, in the performance of his duty, tried to 
apply it. At the conclusion of the case Mr. Sheriff 
Lees addressed the driver thus : — " I feel sure I should 
be utterly wanting in my duty as guarding the 
safety of the public, if I treated the offence of which 
you have been guilty, wilfully, on this occasion, as one 
that can be fitly punished by the imposition of any 
pecuniary fine, or any sentence of imprisonment short 
of one which will deter others from committing the 
offence in all times coming. I consider I am treating 
you with as great leniency as possible when I make 
your sentence one of four months' imprisonment/' 

Such a gross miscarriage of justice could not be per- 
mitted to pass unchallenged ; the author, therefore, 
brought the facts under the notice of the Home Secre- 
tary, and a question was afterwards asked in the House 
of Commons by Mr. Stewart Macliver, M.P., president 
of the A.S.R.S. The following letter was forwarded to 
the author, copies of which appeared in the engineering 
papers at the time : — 

[Copy.'] 
93,498 Whitehall, 

""7 26th May, 1880. 

Sir, — The Secretary of State for the Home Depart- 
ment having considered your application in behedf of 
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William McCullocli, I have the satisfaction to acquaint 
you that he has felt warranted under all the circum- 
stances in advising her Majesty to commute this pri- 
soner's sentence of four months' imprisonment to one 
of two months' imprisonment. 

I am, sir, your obedient servant, 

(Signed) A. F. 0. Liddell. 

Mr. C. E. Stretton, 

Saxe-Coburg Street, Leicester. 

The advocates of the chain brake did their utmost to 
prevent the. release of the driver, and one of them even 
went so far as to say '' he would sooner see a driver in 
prison for ever than damage the reputation of this 
brake." 

The Engineer, commenting upon this case, remarked 
that "the least that could be expected was that the 
Caledonian Eailway Company would replace the driver 
when he was released from his unjust imprisonment." 
But the author received official information that this 
was not the course intended; he therefore communi- 
cated with the chairman of the company, from whom 
the following reply was received : — 

[Copt/.'] 

Caledonian Railway Company, 
Secretary's Office, 

Glasgow, 8th June, 1880. 

Sir, — ^I have received your letter of yesterday's date, 
and beg leave to reply that although, when McCuUoch 
is released, we shall not be justified in reinstating him 
as an engine-driver, we shall be prepared to consider 
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favourably any application he may make to us for other 
employment. — I am, sir, yours faithfiilly, 

Thos. Hill. 
Clement E. Stretton, Esq., 
Saxe-Coburg Street, Leicester. 

It was satisfactory to find from this letter that the 
object of those who would have utterly ruined this 
most unfortunate man had been defeated, but so long 
as the " other employment " referred to was to be at a 
lower rate of wages than that of an express driver, it 
could not be considered that "justice'* had been done. 
Ultimately, however, after very considerable corre- 
spondence, this unfortunate servant was reinstated as 
an engine-driver. 

Since this accident the chain brake has, by its fre- 
quent dangerous failures, '^ damaged its own reputa- 
tion *' to such an extent that the Caledonian Railway 
Company has adopted a safe system complying with 
the conditions of the Board of Trade, and even the 
London and North-Western Company has discarded it, 
thus showing still more clearly the great injustice of 
McCulloch's sentence. 

On the 8th September, 1880, a collision occurred at 
Penilee, on the Glasgow and Paisley Joint Railway, in 
consequence of the mistake of a signalman, but Major 
Marindin's report proved that if electrically interlocked 
signals had been in use the accident could not have been 
brought about by the mistake of this signalman ; how- 
ever, he was committed to take his trial upon the charge 
of culpable homicide, but was found " Not Guilty.'* 

In the Prestbury case, which took place on the 
London and North-Western Railway, 3rd November, 
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1880, an engine-driyer was committed for man- 
slaughter, but the cause of the collision was that the 
distant signal failed to go " on " when required, and 
that the engine had no brake on its wheels. When 
the case came before the grand jury at Chester Assizes 
there was not even evidence enough upon which to find a 
" true bill/' and the driver was consequently acquitted, 
without being put to the further trouble and expense 
of a trial. 

A collision between two passenger trains took place 
at the Midland Station, Leeds, 2l8t December, 1880. 
It was due partly to the peculiar construction of the 
station, to the use of hand signals, and the mistakes of 
servants. The signalman and two shunters were com- 
mitted for manslaughter. These men were not mem- 
bers of the Amalgamated Society, and had, of course, 
no private means for legal defence. A public subscrip- 
tion was raised for this purpose. The author was pro- 
fessionally engaged, both on behalf of the friends of 
the railway servants and the friends of the deceased 
persons killed in the collision. 

At the Leeds Assizes (February, 1881) Mr. Justice 
Manisty pointed out that "there are very different 
degrees of negligence. An error of judgment, a simple 
mistake, or an accident is not sufficient to sustain an 
indictment of manslaughter. Before such a verdict 
can be returned, it is necessary that the negligence 
shall be of that serious character known as gross, cul- 
pable, or criminal negligence," and he considered the 
case against the prisoners as far too remote, and they 
were acquitted. In the Desford Junction case (22nd 
October, 1881) it was clearly shown that the verdict 
of the coroner's jury contained in a rider such severe 
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censure upon the company that, as the Engineer re- 
marked, " it closely resembled a verdict of manslaughter 
against the responsible officers." The signalman omitted 
to place the points in the proper position, but such 
facing-points leading from a passenger line into a siding 
should never have been allowed to exist; they have since 
been removed. Instructions for the working of traffic 
"when the signal and interlocking arrangements are 
defective" have been issued, and the passenger trains 
have since been worked with continuous brakes. 

At Tayport a collision occurred on 25th November, 
1881. The signalman was arrested and kept in Cupar 
Prison for a week, and the guard for a few days, 
although bail to any required amount was forthcoming ; 
however, when the Procurator-Fiscal found that the 
matter was receiving great attention in the engineering 
papers, and that a question was about to be asked in 
the House of Commons, he granted bail. At the trial it 
came out that the signalman was over sixty years of 
age, that he had been in the service and borne an 
excellent character for more than thirty years, and that 
he was kept on duty daily for from 16 J to 16 hours ; at 
the end of one of these long days he made a mistake 
and caused a fatal collision. 

Major Marindin stated in his report that "it is 
hardly too much to say that it is a scandal that such 
an amoimt of work as is implied by these hours should 
be exacted from any man upon whose vigilance depends 
the safety of the public.'* 

During a severe snow-storm a collision took place at 
Mennock Sidings, on the Glasgow and South- Western 
Railway, 7th December, 1882. An express train was 
stopped by signals at Sanquhar, but the two drivers 
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started £rom that station on receiving verbal instruc- 
tions £rom a man (afterwards found to be a clerk sent 
by the station-master), and a collision with a goods train 
followed. Both drivers and the station-master were com- 
mitted for '' Culpable Homicide." At the trial the charge 
against the drivers was abandoned, and the jury found 
the station-master " Not Guilty." 

On the 11th December, 1882, a collision took place 
at Dinting, during a storm which had blown down the 
telegraph wires and destroyed the block system. The 
signalman was committed for manslaughter on the 
coroner's warrant, but was not taken before a magis- 
trate. At the trial the judge asked, "What were the 
printed instructions of the prisoner ? " As they could 
not be produced in court, he held that " it could not be 
proved that the prisoner had violated any of the com- 
pany's rules ; as it could not be proved what his duties 
were, how could it be said that he had not acted up to 
them ? " A formal verdict of " Not Guilty " was at once 
returned, and it was then shown that if any one was 
to blame it was a person totally different from the 
signalman. His lordship said, looking at that fact, and 
also that an irregular course had been adopted in not 
taking the case before a magistrate, he should disallow 
the costs of the prosecution. 

In the Blackwell case, on the Midland Railway, 
19th January, 1883, a signalman had his attention 
suddenly called to the telegraph instrument, and forgot 
for a moment that a " light engine " was standing 
near his box ; a clerk authorised to be in the signal- 
box was stated to have given the signal for another 
train to approach. The signalman was tried for man- 
slaughter, but acquitted. 
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A serious collision between two passenger trains took 
place at Eglinton Street, Glasgow, on the Caledonian 
Railway, March 19th, 1883. The cause of the accident 
was that the driyer of one train started and ran past 
a signal at danger. He had only been in the com- 
pany's service two months, haying entered at the time 
of the strike. He stated that " in momentary f orget- 
fulness he overlooked the signal." He was committed 
for trial on a charge of " Culpable Homicide," and 
admitted to bail. At the trial, however, he did not 
appear, and was accordingly outlawed. This driver 
thought he knew the road and signals, but the facts 
show that he did not ; this was an error of judgment, 
not a criminal act. 

Another case which requires attention is the disaster 
which occurred on the Caledonian Railway at Locker- 
bie, 14th May, 1883. A branch passenger train 
ran past the signals, came into collision with a goods 
train, knocking at least one waggon foul of the up 
main line, upon which the up west coast mail was ap- 
proaching at full speed. The driver and fireman of the 
leading engine of the mail and five passengers were 
killed, a very large number being injured. The Cale- 
donian Railway Company had erected a signal on the 
branch after the arrangements had been inspected and 
approved by the Board of Trade ; and Major Marindin's 
report stated that this " was a grave error of judgment 
on the part of the company." The station-master intro- 
duced a dangerous system of working trains to the 
wrong platform on the wrong line, which thus com- 
pelled drivers to pass danger signals when they received 
hand signals. The traffic inspector actually knew of 
this dangerous working, but took no steps to put a stop 
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to it. The branch train was not fitted with continuous 
brakes^ or the driver could easily have stopped and 
avoided the first collision^ and of course the disaster 
which resulted ; and if the up mail train had been pro- 
vided with a proper brake it could have been stopped from 
a speed of 50 miles an hour in much less than 360 yards. 
The Scotch authorities did not appear to have taken all 
these points into their consideration, but simply com- 
mitted the station-master and the branch driver for 
" Culpable Homicide.*' The charge against the station- 
master was abandoned ; the driver was tried at Dumfries, 
but the jury returned a verdict of " Not Guilty.*' This 
result was satisfactory ; but still it appeared very hard 
that a driver should be arrested and subjected to all 
the trouble and expense of a trial for manslaughter, 
when from the very first it might have been clear to 
every one that there was no evidence to sustain such a 
serious charge. 

On the 28th July, 1883, an east coast train from 
Edinburgh was standing at the ticket platform, Cale- 
donian Railway, Perth, when it was run into by a 
west coast express from Euston. This latter train was 
fitted with the Clark and Webb chain brake. This 
apparatus failed to act when required, and thus caused 
the collision, which resulted in the death of one person 
and injury to seven others. The engine-driver was 
arrested, and charged at the Perth Police Court with 
" Culpable Neglect of Duty.*' Two days' examination 
failed to produce any evidence in support of the charge ; 
but instead of the driver having the benefit of any 
doubt be was committed for trial to the sheriff. He 
was, however, ultimately found " Not Guilty." 

An up London and North- Western express train 
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came into collision at Watford on the Slst October, 
1883, with some carriages left standing on the main 
line. The accident was due to the forgetfiilness of the 
signalman, but the practice of shunting carriages from 
one main line to another in order to clear another line 
was most objectionable and dangerous, unless means 
are adopted to make it mechanically impossible for such 
a mistake to be made. The signalman was arrested 
and charged before a magistrate with manslaughter. 
This charge, however, could not be proceeded with as 
the coroner's jury returned a verdict of " Accidental 
Death," and added to it a presentment, "that the known 
good character which the signalman bore, and the 
length of time he had been in the service, lead them 
to the opinion that his aim was to do his duty faithfully, 
and they should be pleased to see him reinstated in the 
service of the company." 

A collision occurred at BufEord Station, on the 
Lancashire and Yorkshire Railway, 2nd January, 1884. 
This station was not provided with the necessary 
refuge siding, and in consequence it was the usual 
practice to shunt goods trains across from one main 
line to the other in order to allow passenger trains to 
pass; and on this occasion a goods train, which had 
been crossed over, was run into by another goods 
train, which could not be stopped in time. General 
Hutchinson pointed out in his report that the collision 
would not have occurred if there had been the neces- 
sary siding, and it would also have been prevented had 
the block system been in force as regards goods trains. 
He pointed out that if the goods traffic on the line was 
too thick to allow of the block system being carried out 
as regards goods trains, it would at any rate seem 



WILMSLOW ACCIDENT ^FALSE EVIDENCE. 143 

desirable and practicable that the driver of a goods 
train should be informed at the previous station 
whether or not the line is clear. The collision caused 
the death of a goods guard, and the engine-driver, a 
member of the Accrington Branch of the A.S.K.S., was 
committed for manslaughter, but at the Lancaster 
Assizes a verdict of " Not Guilty/' was returned. 

On the 7th June, 1884, a serious collision occurred 
at Sevenoaks, on the South-Eastem Railway, between 
two goods trains, by which an engine-driver and fire- 
man lost their lives. The accident was due to a mis- 
take in working the block system. The signalmen at 
each end of the section were both men bearing excellent 
characters, and both gave their evidence in a straight- 
forward manner. The signalman at Hildenborough 
appears to have made the principal error, and on that 
account the jury returned a verdict of " Manslaughter'* 
against him, but at the Assizes he was found "Not 
Guilty." Major Marindin, in his report upon this case, 
stated " it was more than probable that this accident 
would never have taken place if there had been a 
separate and distinct plunger for giving bell signals 
according to the code," and he pointed out that the 
eflFective interlocking of the block instruments with the 
out-of-door signals effectually prevents collisions of this 
description arising from a signalman's mistake. 

On the 7th July, 1884, an accident took place at Wilm- 
slow, on the London and North- Western Railway, near 
Manchester. The circumstances appear to have been 
very similar to those attending an accident which 
occurred at Prestbury, November, 1880. It is the 
usual practice at Longsight to run express engines for 
a trial trip after repairs, the foreman fitter riding upon 
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them to watch the working, and on the occasion in 
question engine No. 1,513 was being tested without a 
train at a speed of 60 miles an hour. The Handforth 
signals were " off/' but the Wilmslow signals " on." 
The driver attempted to apply the "Webb steam 
brake/' but it failed to act. A collision followed, and 
the foreman fitter was killed. At the inquest Mr. 
Whale, the company's assistant locomotive superin- 
tendent, stated that 60 miles an hour was an improper 
speed, and that even when the brake had failed, if the 
driver had reversed his engine he could have stopped 
from 60 miles an hour in 300 to 350 yards. This latter 
statement was perfectly untrue, but upon Mr. Whale's 
assertions the jury returned a verdict of " Man- 
slaughter" against the engine-driver. When, however, 
the jury afterwards found that they had been misled, 
no persons were more sorry than themselves that they 
should have returned a wrong verdict ; and one juryman 
felt so strongly upon the point that he came to 
Leicester to ask the author to do his utmost to obtain 
justice at the trial, and to prevent the driver's com- 
mittal before the magistrates. When the case came 
before the magistrates at Macclesfield they did not even 
require an answer to the charge, but dismissed it with 
the remark, " There is no case at all ; not the slightest ; " 
and at the Chester Assizes the author had the pleasure 
of being in court when the grand jury ignored the bill, 
and in accordance with the directions of the learned judge 
the jury at once returned a formal verdict of "Not 
Guilty," and the driver was set at liberty. In face of 
such facts as these it would have been but simple justice 
for the company to have reinstated this unfortunate 
driver in his former position, but instead of that he was 
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discharged from the service, after eleven years' work 
without a fault. The reputation of the steam brake 
could not under any circumstances be allowed to be 
damaged, so the driver was sacrificed to it. 

On the 2nd April, 1885, a collision occurred be- 
tween Eoby and Edgehill, on the London and l^orth- 
Western Railway. A goods train was stopped for some 
time at the Boby signal-box, waiting for the previous 
train to be signalled ''clear," and by some error a 
"light engine" following, ran into the rear of the goods 
train, and the guard was shaken. I^othing further was 
heard of the matter till the 12th October, when the 
guard died ; an inquest was held at Warrington, and a 
verdict of " Manslaughter" returned against the signal- 
man and driver of the light engine. When the 
charge was investigated at the Prescot Petty Sessions, 
the medical evidence proved that the deceased died 
from consumption and pleurisy rather than from the 
effects of the railway collision. Why this fact was not 
discovered by the coroner's jury before the verdict of 
" Manslaughter" was returned is a question which was 
never explained, but it is clear that an injustice was 
done to the signalman and driver. 

On the 13th May, 1885, two gangers were thrown 
from a ballast train and killed at Inchicore, Dublin, and 
a verdict of " Manslaughter " was returned against the 
engine-driver, it being alleged that the engine was 
started without the whistle being sounded. At the 
trial the evidence was insufficient to support the 
charge, and a verdict of " Not Guilty " was returned. 

A serious collision occurred at Binegar Station, upon 
the Somerset and Dorset Joint Railway, upon the 31ot 
July, 1885. In consequence of the interlocking gear 

L 
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having been removed, and no man appointed to watch 
the facing-points, as required by Rule 149a, a passenger 
train was wrongly turned into a loop line, and came 
into collision with a goods train, and a passenger was 
killed. The true cause of the accident was that the 
company's rules were not carried out by the officials, 
as follows : — 

"Rule 149a. When the interlocking of any lever 
frame, or any facing-point, bolt, or bar is out of order, 
or when any point or signal lever, or any home, start- 
ing, or advanced starting signal, or siding signal applic- 
able to a siding not protected by safety points, is 
defective, and not working properly, one competent 
man, or more, as may be necessary, provided with hand 
signals and detonators, must be appointed to act under 
the instructions of the signalman in charge of the signal- 
box, and the distant signals applicable to the lines 
affected must be kept at danger by being disconnected 
from the levers by which they are worked, and must 
remain in that position until the defect has been made 
good, and all is again in working order. 

" When the interlocking of a sigiial-box, or any 
facing-point, bolt, or bar is being altered or repaired, 
the fitter in charge of the work must give to the signal- 
man in charge of such signal-box an exact statement 
of the signals and points which it will be necessary to 
work temporarily without the safeguard of the inter- 
locking, or the facing-point, bolt, or bar.*' 

At the inquest this rule was not produced, and in 
reply to a question as to " whether it was not necessary 
to take extra precautions by placing a man at the 
points," the superintendent of the line, stated on oath 
that " it was not." TJpon that false evidence the sig- 
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nalman was committed for manslaughter. This man 
was not a member of the Amalgamated Society of Bail- 
way Servants. The Leicester Branch, however, having 
heard the author's report upon the case, requested him 
to take up the matter, and obtain justice. Upon further 
examination of the facts and distances, the author found 
that the passenger train was not provided with proper 
brake power. If it had had a proper continuous brake 
it could have been stopped from a speed of 27 miles 
an hour in less than the available distance of 160 
yards, and the collision would thereby have been 
avoided. The prisoner was also unjustly treated by 
the police authorities, who would not charge him in the 
usual course before the magistrates, thus preventing the 
author from producing the evidence as to facts. At the 
Bristol Assizes, the judge. Baron Pollock, in charging 
the grand jury, referred at length to the case. He 
said : — " The next case of manslaughter was against 
William Applebee, a railway servant on the Somerset 
and Dorset line, ^t Binegar Station. There were cir- 
cumstances connected with this case on which he felt 
bound to make some remarks. Not until that morning 
did he receive the depositions in the case ; they were 
lengthy, involving very peculiar facts — so peculiar, 
that unless a person was well versed in railway manage- 
ment it would be extremely difficult in such a short 
time to master the facts at all. He could not under- 
stand why the persons whose duty it was to lay the 
circumstances of such serious cases before the judge and 
jury had not in common decency sent the depositions 
long ago, so as to be put before him in proper form. 
That was not the only matter he had to complain of. 
These events took place so far back as August, when the 
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prisoner was apprehended on a warrant for manslaugh- 
ter, issued by the coroner after the finding of his jury. 
It was thoroughly known to all the criminal authori- 
ties of this country, and had been laid down again and 
again by judges, that whenever a man was to be put on 
his trial it was the duty of those who did so to have 
him committed by a magistrate, before whom the evi- 
dence was taken, and who had far better means of 
inquiring into the case than a coroner's jury. That 
had been the long-established and universal rule. The 
course now adopted of sending a man for trial on the 
evidence taken before a jury led to this: In legal 
strictness a verdict of a coroner's jury was equivalent 
to the finding of a grand jury. Manifestly there was 
great inconvenience in sending a man to take his trial 
on that finding, because the judge and jury had not 
the means which they ought to have of seeing the case 
investigated before the magistrates, who would express 
their opinion by committing or discharging the accused, 
as they thought fit. In modern times they allowed 
the bill to go before a grand jury and take their opinion, 
and he would abide by that rule, and ask the grand 
jury to receive the evidence as if the man had been 
properly committed by a magistrate. Beyond doubt 
the poor woman, Annie Charles, lost her life by a col- 
lision which took place at Binegar Station in conse- 
quence of a train being sent, as it came through the 
station, on to the wrong rails — the down instead of the 
up line. The mechanical cause of the train being so 
sent was the points being wrongly placed, by reason of 
the prisoner, one of the pointsmen in the signal-box, 
moving bar No. 11 instead of No. 12. If that were an 
ordinary case the prisoner would stand almost without 
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defence, and the degree of negligence would be for the 
jury. On the present occasion, however, it seemed 
that some alterations were being made in the locking 
process and the signal arrangements of the station, to a 
certain extent under the supervision of the officers of 
the Board of Trade. Everything was done correctly 
and in order, but at the very time in question when 
prisoner moved the wrong bar a great portion of this 
machinery had been disconnected. No doubt if the 
prisoner had been properly instructed, and was aware 
of the exact condition of things as they existed, he 
could and ought, by using the proper handle, to have 
avoided this accident. But then came the important 
question of negligence, and they would require strict 
proof that there had been real criminal negligence. It 
was very important for all the public travelling by 
railway that the rules should be properly observed, and 
it was also important that men in the prisoner's posi- 
tion should not be unjustly punished for criminal 
negligence. He found that the person having the 
direction and carrying out of these alterations was not 
able to say distinctly that he called the prisoner's 
attention to what was going on. That person was in a 
superior position, and would understand the nature of 
the mechanism, and the result of the changes going on. 
It did not follow that the prisoner was guilty of 
negligence. The grand jury would have the evidence 
before them, and in relief of their mental labours he 
advised them to confine their attention mainly to what 
passed in the signal-box, so as to come to a fair con- 
clusion about the extent of negligence, if any, of which 
the prisoner was guilty." 

The grand jury ignored the bill, and desired to 
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Railway should be altered to the train staff or tablet 
system." 

The signalman was tried for manslaughter at Taunton 
Assizes, and sentenced by Mr. Justice Day to six 
months' hard labour. The Government Inspector 
clearly showed in his report that the system of working 
was very dangerous, and, in fact, was the true cause of 
the accident, and that the signalman was but the 
human being who fell or was led into the trap. 

The sentence is so severe and the injustice so great, 
that the author felt justified in placing the facts before 
the Home Secretary, and he has the following reply : — 

ICopi/.'] 

X 10447. Whitehall, June 3rd, 1886. 

Sir, — I am directed by the Secretary of State for 

the Home Department to acknowledge the receipt of 

your application in behalf of John Cox; and I am 

to acquaint you that the same will be fully considered. 

I am, sir, your obedient servant, 

Godfrey Lushington. 
0. E. Stretton, Esq., 

40, Saxe-Coburg Street, Leicester. 

Overwork. 

Overwork on railways is highly dangerous, both to 
the men and to the passengers. Ten hours a day of 
railway work, considering its importance, should be 
sufficient, and care should be taken that proper time 
for rest, say eight or nine hours, is allowed between 
each term of duty. Signalmen should not be called 
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upon to work more than eight hours at a stretch, and 
at very busy and large junctions, six hours is as much 
as should be required. It is not a question of how 
many hours a man can work, but of how many hours 
he can work traffic efficiently and safely ; and any 
railway servant who has been on duty fifteen, eighteen, 
or twenty-four hours is not and cannot be in a fit con- 
dition to devote that sole attention to his work which 
its importance so much demands. 



APPENDIX I. 

EAILWAY TEAFFIC EETURNS. 

The pubKcation of the returns relating to railway 
capital, traffic, and working expenses, together with 
the statements of the chairmen at the half-yearly 
meetings, have once again directed special attention to 
the decline of first and second-class traffic, and the 
increase and wonderfiil development of the third class. 
It has been asserted by some writers that railways 
would have been gainers if the old system had been 
retained, and the third class left practically where it 
was ten or twelve years ago. Such arguments, and 
figures based upon them, are of little value, for railway 
companies, like individuals, must either progress with 
the times, or be left completely in the rear ; and most 
certainly the companies which do the greatest good to 
the greatest number by every endeavour to promote 
and increase third-class traffic will receive their full 
share of reward and profit. For many years railway 
companies conveyed only first and second class passen- 
gers by fast trains, third-class passengers having to 
travel by slow trains, running at very inconvenient 
times, and composed of very uncomfortable carriages. 
Third-class traffic was therefore practically discouraged, 
and it was hoped that the third-class passengers would 
thus be forced to ride itf carriages of a superior class 
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at higher fares. In practice, however, it was found 
that, although a small proportion of persons were thus 
compelled to ride " second class," a very large propor- 
tion were forced to stay at home and not travel at all. 
The folly and absurdity of this mistaken policy was 
well known to Sir James (then Mr.) Allport, of the 
Midland Railway, and upon April 1, 1872, that company 
conferred a very great boon upon the travelling public 
by attaching third-class carriages to all its trains at 
the parliamentary fare of one penny per mile. This 
change proved, in a very short time, that the third- 
class traffic, which had been for years " pushed on one 
side " and " discouraged," actually paid better than 
either the first or second classes, which had been 
specially accommodated and encouraged. The second- 
class traffic, however, was found to gradually decrease 
until January 1, 1875, when the Midland Company very 
wisely abolished that class, and were thus enabled by 
this means to take o!t the empty second-class carriages, 
which had become simply an additional dead weight 
upon the trains. The last improvement introduced on 
the Midland came into force November 1, 1883, when 
first-class passengers were allowed to ride in the 
Pullman drawing-room and dining cars without 
extra charge. The question has been asked, but 
not clearly answered, Why the first class declines ? It 
must be remembered that at the time when first and 
second class flourished, third-class passengers were only 
conveyed in slow trains, therefore those who tra- 
velled in the higher classes not only paid for superior 
carriages, but for increased speed. Money thus laid out 
paid the passengers in the shape of time saved in travel- 
ling ; but in these days the third-class passenger, very 
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properly, performs his journey by the same trains (there 
are exceptions upon some lines) and arrives at his desti- 
nation as quickly as the higher classes. It will thus be 
seen that the first-class passenger does not now obtain 
any extra speed for his additional fare, and the ques- 
tion resolves itself simply into this : "Will passengers 
pay two or three pence per mile to sit in a first-class 
carriage, when for one penny they can ride, perhaps, 
in the next compartment of the same vehicle? The 
decline of first-class traffic is the most conclusive answer 
that they will not, and there can be no doubt that either 
the first-class fares must very soon be lowered, or the 
empty first-class carriages now to be seen upon many lines 
must be taken oS the trains, as they are fast becoming 
useless dead weight. The rapid decline of first-class 
traffic has for some time been referred to at half-yearly 
meetings, and a short time ago it will be remembered 
that Mr. Moon, at Euston, remarked, ** We find that 
gentlemen of the first position take third-class tickets. 
All he hoped was they would have sweeps or navvies 
riding with them.'' The returns show that the cheap 
class forms the mainstay of the receipts, and there can 
be no question that the only true policy is to encourage 
and increase the third-class traffic. During the year 
1884 the total capital shows an increase, the receipts a 
decrease, and 183 additional miles of line have to be 
worked, consequently a decline in dividend must be the 
result. The following tables give the summaries of 
the returns for the year 1884, and it will be noticed 
that even in the present depression of trade the 
third class shows an increase both in numbers and 
receipts. 

The total receipts per train mile were a little over 
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48. lljd. (59*56), and the working expenses 2s. 7Jd. 
(31-59), showing a net profit of nearly 28. 4d. (27-97) 
per mile. 



Mileage. 
Number of miles run by passenger trains 

goods and mineral trains . 
mixed trains . 



»f 



if 



w 



9t 



143,144,694 

126,672,783 

2,986,743 



Total 272,803,220 



Pas8eng<nr traffic 
Eirst-dass passengers . 
Second-class „ 
Third-class „ 
Season tickets (766,691) . 
Excess luggage, mails, &c. 

Total. 



Number of journeys. 
. 34,582,539 
. 62,225,220 
. 598,144,101 



694,991,860 



Receipts. 
£3,481,017 

3,105,008 
17,606,040 

1,763,491 

4,074,894 

£30,030,450 



Goods traffic. 
Goods traffic . 
Mineral 
Cattle, &c. . 
HisceUaneous 



Total 



Weight in tons. 
76,712,330 
183,615,556 



259,327,886 



Beceipts. 

£20,879,968 

15,628,656 

1,237,780 

24,188 

£37,670,692 



Maes open. 
Hiles of railway open 31st December, 1883 

opened during year 1884 



tf 



tf 



Total miles open 31st December, 1884 



18,681 
183 

18,864 



Number of locomotives . 
Number of passenger carriages 
Number of yaos, waggons, and all 

other vehicles (not including private 

traders* waggons) 



Capital paid up and raised. 
Ordinary . . . £298,983,446 
Guaranteed . 
Preferential . 
Loans . 



Debenture stock 
Total 



96,603,613 
205,809,234 

14,793,420 
186,274,664 



14,827 = increase 368 
33,031 = increase 727 

479,696 = increase 21,338 



£801,464,367 = increase of £16,543,066 
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Receipts. 
From passenger traffic . 
From goods traffic . 
From miscellaneous traffic 

Total 



£30,030,450 

37,670,692 

2,821,601 



increase of £621,717 
decrease of 1,030,727 
decrease of 30,617 



£70,622,643 = decrease of £539,627 



Workmg expenses. 
Maintenance of way and works, &c 
Locomotive power 
Boiling stock 
Traffic expenses 
General charges 
Bates and taxes 
Government duty 
Compensation for personal injuries 
Compensation, damage, and loss of 

goods 

Legal and parliamentary expenses . 
Steamboat, canal, and harbour 

expenses 

Miscellaneous . . . . 
Traffic expenditure not classified . 

Total . . . . 





Cost of working per 


Total. 


train mile in pence. 


£6,622,539 


6-82 


9,4«36,793 


8-35 


3,399,397 


300 


11,279,062 


9-91 


1,636,596 


1-44 


1,937,691 


1-70 


398,577 


0-36 


183,657 


016 


202,400 


0-18 


323,990 


0-29 


1,305,416 


_- 


461,798 


0-41 


52,343 




£37,217,197* 


31'69 = 2s.7Jd. 



Total receipts as above . . £70,522,643 = decrease of £539,627 
Total worlang expenses as above 37,217,197= ,, 161,365 

Net profit therefore . . . 33,305,446= ,, 388,262 

Number of miles run by passenger trains . . increase 4,967,764 

goods and mineral trains decrease 1 , 31 0,470 
mixed trains . . . increase 248,700 



If 



a 



Total increase 3,906,984 



First-class passengers . 

Second-class 

Third-class 

Season tickets 

Excess luggage, mails, &c. 



f> 



Numbers. 

decrease 1,806,338 

3,831,564 

increase 16,910,625 

134,641 



yy 



Reoeipts. 

decrease £189,036 

„ 224,736 

increase 566,976 

70,900 

308,613 






Passengers, three classes, increase 11,273,723 in numbers. 

Goods, &c. . . . decrease 1,185,026 tons 
Mineral , . . .. 6,870,056 



»» 



Total decrease 



7,055,082 



>f 



>» 



* Exclusive of £52,060 received by North London for working 
other lines, but included in above fig^es. 
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Attention should here be directed to a most important 
question, which must, at no Tery distant date, be practi- 
cally considered. The author refers to the increase of 
train miles and the decrease in receipts per mile. "With 
a decline in business it is certain that competition be- 
comes much more seyere, but it is a mistake to run 
useless mileage with certain trains simply for the sake of 
nominal competition. During the year 1884 the pas- 
senger mileage was increased no less than 4,967,754 
miles. There is great reason to believe that a large por- 
tion of the extra working is due to the running of new 
trains, which do not pay half or even a quarter of the 
working expenses ; indeed, the author has figures and 
proofs that there are trains running which do not 
average six passengers, and, as a rule, are composed of 
six vehicles. Again, in consequence of the number of 
empty first and second-class compartments on trains, 
the total weight is needlessly increased, often causing 
the running of two engines. The author is of opinion 
that by reducing the number of useless empty trains, 
and the removal of empty carriages from other trains, 
working expenses can be very considerably reduced 
without curtailing the accommodation given to the 
travelling public, and he has for a considerable time 
advocated the introduction of third-class dining and 
sleeping carriages. There can be no question that 
the company granting such a boon to the cheap class 
will very soon increase its receipts. 



APPENDIX II. 

RAILWAY SIGNAL RETURNS. 

Since this yolume has been in type the returns 
have been published relating to '^ signals '' to the 31st 
December, 1885, and "continuous brakes" to 30th 
June, 1886, and to bring the work up to date the 
following Appendix is added : — 

The Railway Signal Returns for 1885. 

The return relating to the railway signal arrange- 
ments and systems of working on December 31st, 1885, 
has recently been issued by the Board of Trade, the 
details being, as usual, given under two headings : (1) 
The interlocking and concentration of signal and point 
levers; (2) The systems upon which the lines are 
worked, relating to the block system, &c. 

The details are minute and voluminous, but the facts 
can be seen at a glance upon reference to the following 
tabulated statements. No. 1 shows that the levers 
require concentration in 4,993 cases, and interlocking 
in 4,770 instances ; also that no less than 2,875 pairs 
of safety points are requisite. From table No. 2 it will 
be seen that the total length of line open for passenger 
traffic was 18,069 miles, of which 14,185 miles were 
worked on the absolute block system. There are 346 
miles of single railway, upon which only one engine 
at one time, or two coupled together, are allowed ; thus 
leaving a balance of 3,538 miles which are still worked 
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upon inefficient principles, and require the introduction 
of the absolute block system. 

The following table gives the details relating to the 
block system and mileage of all the principal railways, 
and shows that considerable progress has been made — 



Cheshire lines 

Fiimess . . 

Great Eastern 

Great Northern 

G.N. and G.E. Joint . . . 
Great Western .... 
Lancashire and Yorkshire 

London and N. W 

L. and N.W. and Gt. Western 

Joint . . 

London and S.W 

London, Brighton, and South 

Coast 

London, Chatham, and Dover. 
Manchester, Sheffield, and 

Lincolnshire 

Midland 

North-Ejisterii 

North Staflfordshiie. . . . 

South-Eastern 

Somerset and Dorset Joint 

TaffVale 

Caledonian 

Glasgow and S.W 

Great North of Scotland . . 

Highland 

North British 

G.N. of Lreland 

G.S. and Western .... 
Midland Great Western . . 



Total length of 

line opened for 

passenger traffic. 



Distance worked 

upon the absolute 

block system. 



Double. 



Miles. 
115 
72 
494 
570 
111 

1,064 
424 

1,375 

111 
541 

342 
167 

265 

993 

921 

150 

347 

13 

52 

427 

233 

23 

6 

401 

136 

206 

148 



Single. ! Double. Single. 



Miles. 

34 

479 

li9 

o 

1,029 

16 

303 

27 
207 

118 
10 

3 

273 

449 

18 

41 

78 

12 

291 

109 

27o 

411 

469 

375 

301 

276 



Miles. 

96 

71 

494 

570 

111 

973 

424 

1,360 



111 
541 

342 
167 

218 
957 
914 
144 
347 

13 

6 

421 

225 

23 

6 

380 

3 

49 

70 



Miles. 

34 

221 

99 

5 

78.5 

9 

273 

21 i 
199 ! 

118 
10 



212 
436 

18 

41 

78* 
1 
198 

67 
269* 
4W 
139 

14 

17 

35 



* The Somerset and Dorset, Highland, Great North of Scotland, 
and some minor railways work single lines hy *' crossing orders," 
instead of the train staff, and at the present time a signalman is 
undergoing six months* hard labour in connection with that dangerous 
crossing system. 



APPENDIX III. 

THE CONTINUOUS BRAKES RETURN. 

Report by Mr. Clement E, Stretton, Consulting Engineer y 
to the General Secretary of the Amalgamated Society 
of Railway Servants. 

[Copy.] 

Leicester^ 

October 28, 1886. 

Dear Sir, — In accordance witli the wish expressed 
in your letter of the 20th instant, I have carefully 
examined the Continuous Brakes return for the first 
half of the year 1886, which has, since the meeting of 
the Congress at Brighton, been issued by the Board 
of Trade. It again furnishes evidence (if any were 
required) that the companies are not taking the neces- 
sary steps to arrive at the use of a general system, and 
it is very unsatisfactory to find that a considerable 
amount of rolling stock has during the past half-year 
been fitted with inefficient non-automatic brakes which 
make no claim to fulfil the conditions laid down by the 
Board of Trade, thus practically placing that depart- 
ment of the Government at defiance. 

I have drawn up the following tabulated statement, 
showing at a glance the amount of stock fitted and 
unfitted on the 30th June, 1886 : — 
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Ezunnes 

fitted with 

brakes. 



Enffines j 

fitt^with I Carriages, 
apparatns | &o., fitted 
for working | with brakes, 
the brakes. 




Carriages. 
&c., fitted 
with pipes 
or chains 
only. 



Total amount of stock- 
returned as fitted 
with brakes which 
apx)ear to comply 
with conditions of 
Board of Trade . /* 

Total fitted with 
brakes which do 
not comply . . 

Total fitted. . . . 
Not fitted with any 
continuous brake . 

Total passenger roll- 
ing stock therefore . 



From these figures it will be seen that out of a total 
of 7,480 engines and 51,790 carriages, &c., only 2, 604 
engines and 22,230 vehicles have brakes which even 
** appear " to fulfil the Board of Trade conditions, and 
from a further examination of some of the brakes I am 
able to report that a large number of vehicles returned 
as efficient are not so in actual practice. This latter 
fact appears to be known to the Board of Trade, as on 
page 28 the return states in a footnote, "These totals 
are the numbers of engines and carriages returned by 
the railway companies as fitted with continuous brakes. 
It will be observed, however, that some of the brakes so 
returned but very imperfectly fulfil that designation." 

A careful examination of the return shows that it is 
so full of incorrect statements that for all practical 
purposes of comparison it is absolutely useless. For 
instance, the North London Company reports that the 
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Clark and Webb chain brake fulfils the necessary con- 
ditions, whereas the London and North- Western makes 
no such claim. 

The Midland and Great Western Companies inclade 
a large amount of rolling stock as fulfilling the con- 
ditions, which is fitted with the dangerous "leak-off" 
or two-minute vacuimi brake. It is hardly necessary 
to here report that this system is not efficient, as the 
numerous accidents which have been caused by it and 
the reports of the Board of Trade inspectors have clearly 
proved this fact. 

The Midland Company has fitted 175 passenger 
engines and tenders with what the return calls an 
automatic steam brake, working in conjunction with 
the vacuimi brake on the train. I have examined and 
tested the appliance, and find that although it may do 
very well under ordinary circumstances, it is absolutely 
useless in case of disaster, as the moment the engine 
and tender part, the steam pipe is broken, and the so- 
called automatic steam brake fails to act ; therefore it 
does not fulfil the important condition of being efficient 
and self-acting in case of accident. 

The tabulated statement which will be found on 
page 3 of the return is incorrect and very misleading. 
The totals given include engines fitted with apparatus 
for working the brakes, and vehicles which have only 
through pipes, but no brake blocks. Such rolling stock 
does not fulfil any condition, as there can be no pos- 
sible brake power when an engine has simply the 
apparatus for working brakes on carriages and no 
blocks on its wheels ; neither can vehicles with pipes 
only be of any value in case of accident. I have now 
before me details of a recent case in which a train was 
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sent out with an engine with no blocks on its wheels, 
and eighteen vehicles, fourteen of which had through 
pipes only. Such a train would be returned to the 
Board of Trade as working a certain number of miles 
with a continuous brake ; but in fact it was almost in 
as bad a position, as regards stopping power, as a train 
without such a brake; aj^d so long as horse-boxes, 
fish-trucks, and other vehicles are run in passenger 
trains it is essential to safety that they should be pro- 
vided with the continuous brake gear complete. If, 
therefore, the inefficient systems, and the engines with 
apparatus, and vehicles with pipes, be deducted from 
the brakes which " appear " to comply with the con- 
ditions, the imsatisfactory aspect of the brake question 
will be very clearly seen. The policy of the London 
and North- Western Company in removing the Clark 
and Webb chain brake, and substituting the simple 
vacuum, which does not comply with the conditions, is 
most imsatisfactory, as it is but a waste of a large 
amount of shareholders' money, for without doubt this 
vacuum brake will at some future time either have to 
be entirely removed or altered to an automatic system 
at a further cost. The Manchester, Sheffield, and Lin- 
colnshire Company's return shows that it is continuing 
the use of the same Smith's vacuum brake which led to 
the death of twenty-four persons and injury to sixty- 
two at Penistone two years ago. Another accident 
occurred at Penistone on Ist September last, when part 
of an express train ran back, coming into collision with 
a waggon standing in a siding near the buffer stops, 
thus causing injury to twenty- four persons ; and from 
my examination of the place and the facts, I have no 
doubt whatever that if the train had been fitted witt 
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an automatic brake the accident would not have taken 
place. For some time past it has been well known to the 
Amalgamated Society that certain companies will never 
settle or attempt to settle the brake question until com- 
pelled to do so. It is therefore to be hoped that Par- 
liament will deal with Mr. Channing's Bill at an early- 
date next session. 

The returns relating to hrske failures are, as upon 
previous occasions^ very incorrect ; a large number of 
cases, of which the Society has details, are not reported 
at all, and others are either placed under the wrong 
headings, or are even charged to the wrong brakes. It 
is also important that the companies should be required 
to fiimish the name of the place where the failure 
occurs, as without this information it is impossible to 
trace a case, or to know if it is or is not reported. The 
Metropolitan Company, for instance, gives twelve cases 
in which " a train overran the platform of a station,'* 
through the failure of Smith's vacuum brake. The 
Great Eastern, and Glasgow and South-Western, also 
omit the names of stations. 

The Lancashire and Yorkshire Company report an 
actual failure to act on 25th February at Hindley 
simply as one of delay, whereas it is a case which 
ought to have been recorded under Class 2. The same 
company records ball- valves and vacuum apparatus out 
of order, as belonging to the Westinghouse brake. The 
Midland Great Western of Ireland reports three failures 
of Smith's vacuum brake simply as delays, but they 
belong to Class 2, as the trains ran past stations six, 
five, and eleven carriage lengths respectively. 

During the half-year there have been three col- 
lisions reported caused by failures of continuous brakes. 
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(1) The vacuum pipes on a Great Northern train he- 
came uncoupled, and a collision with the buffer stops 
at Xirkstead was the result. (2) A North- Western 
train ran into the buffer stops at Sutton Coldfield, 
owing to the breakage of the stalk of the ejector of the 
vacuum brake. (3) The coupling of a North- Western 
engine broke near Birmingham, and the carriages ran 
into the engine, as the vacuum brake failed to stop 
them. It is hardly necessary to point out that these 
three accidents could not have occurred if the Great 
Northern and North- Western companies had employed 
brakes which are automatic in action. 

The Board of Trade requires that the returns relating 
to brake failures should be placed under one of three 
heads, as follow : (1) Failure or partial failure of the 
continuous brakes to act when required in case of an 
accident to a train, or a collision between trains being 
imminent. (2) Failure or partial failure of the con- 
tinuous brakes to act under ordinary circumstances to 
stop a train when required. (3) Delay in the working 
of trains in consequence of defects in, or improper 
action of, the brakes, distinguishing whether they arose 
from neglect or inexperience of servants, or failure of 
machinery or material. 

It would be a very great advantage if the totals of 
each brake, under each heading, were placed in a sum- 
mary or tabulated form, as at present the information 
extends over fifty-eight pages of th6 return, and there- 
fore cannot be easily compared. The London, Brighton, 
and South Coast Eailway reports that five accidents 
have during the half-year been avoided by the use of 
the Westinghouse automatic brake. 

The working of the Steel- Mclnnes brake has become 
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practically extinct ; it has been removed from the tliree 
engines upon the Caledonian to which it was fitted, and 
its removal from the carriages is now being carried out. 

In view of the very unsatisfactory manner in which 
the companies make their returns, I trust the Board of 
Trade will appoint a committee, as suggested by the 
recent Congress, to examine and report upon the various 
brakes. 

In this report I have only dealt with a few of the 
incorrect and misleading statements, but sufficient has 
been said to prove to you and to the Society that for 
all practical purposes the Board of Trade return has 
been rendered valueless. — I am, yours faithfully, 
{Signed) Clement E. Stretton, 

Consulting Engineer A.S.R.S. 

To E. Harford, Esq., 

General Secretary A.S.R.S., 

306, City Road, London, E.C. 



APPENDIX IV. 

MIXED TRAINS. 



For several years past the Amalgamated Society has 
strongly condemned the running of mixed passenger 
and goods trains, and has urged that, if such trains 
are run, the passenger carriages should at least be 
placed in the safest place, near the engine, and in 
front of the waggons. 

Several accidents have recently occurred, and it is 
satisfactory that the following circular has been issued. 
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ICopt/.'] 

11.4,163. 

" Board of Trade, Railway Department, 

" London, S.W., 25th August, 1886. 

"Sir, — ^The attention of the Board of Trade has 
been specially directed by some of the reports which 
have recently been received from their inspecting 
officers to the practice of running mixed trains in 
which passenger carriages have been attached to goods 
waggons. The facts brought to their notice in these 
reports have borne out the opinions expressed in 
previous reports as to the dangers arising from the 
running of mixed trains, especially when goods or 
other waggons are placed between the engine and the 
passenger carriages. The inspecting officers report 
that the risk of so placing the passenger carriages out- 
weighs the advantages which may in some cases of 
accident to the front of the train have resulted from 
the waggons taking the worst of the shock. In these 
circumstances the Board of Trade wish to call the 
attention of the directors of the Railway Com- 
pany to the desirability of avoiding, as far as may be, 
such a practice. If the running of mixed trains is not 
altogether avoidable, care should be taken that any wag- 
gons attached to such trains are specially constructed 
for the purpose, and fitted with such appliances as are 
generally adopted in the case of passenger carriages. 
The Board of Trade trust that, when the condition of 
the traffic necessitates the running of mixed trains, the 
passenger carriages will, as far as possible, be placed 
in front and not to the rear of goods waggons, and that 
all other precautions will be taken to lessen the risk of 
conducting traffic on such a system. 

" I am. Sir, your obedient servant, 

" COURTENAY BOYLE. 

"To the Secretary of the Railway Company.*' 



SUPPLEMENTAET CHAPTER. 

Permanent Way. 

The origin of the 4-feet SJ-incli railway gauge is cleariy 
shown by the annexed illustration (No. 36) p. 172. 

The " wooden- way " introduced by Mr. Beaumont at 
Newcastle-upon-Tyne, about the year 1630, is shown 
Fig. 1. The planks were nailed to cross sleepers, the 
outside width or gauge being 6 feet, in order that the 
ordinary coal-carts of that period could be run on the 
track. 

The cast-iron plate-way introduced at Colebrook- 
dale Ironworks, 1767, is shown Fig. 2, the outside width 
of which was also 6 feet, 

Mr. William Jessop, in 1789, introduced the "edge 
rail " (Fig 3) ; he adhered to the gauge of 6 feet 
outside, and as his rails were made If inch wide, the 
width of two rails, or 3J inches, deducted from the 
5 feet outside measurement, leaves the present 4 feet 
8 J inch gauge thus : — 

Width of line outside . . . 5 ft. in. 

Width of two rails (1| in. each) . . ft. 3^ in. 

Leaving width between the rails . . 4 ft. S^ in. 

It will thus be seen that the origin of the 4-feet 
8^-inch gauge is due to the fact that in ancient times 

N 
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the outside measure was taken, whereas now we take 
the inside measurement. (See also p. 15.) 

Cost of Permanent Way. 
The North Eastern Railway Company has caused a 
statement to be prepared showing in detail the exact 
cost of one mile of single line of road as laid on its 
railway, with 90 lb. bull-headed steel rails and ordi- 
nary chairs and wood sleepers, exclusive of ballasting 
(see p. 174). 

Points and Crossings. 
An Ordinary Double Line Junction. 

Several cases have recently occurred in which engine 
wheels have struck points or crossings, and thrown 
trains off the line (as described p. 31). 

Fig. 37 illustrates an ordinary junction of two double 
lines of railway. At the right-hand side will be seen 
two pairs of points ; the pair marked (1) are facing 
points, and cause trains to diverge ; those marked (2) 
are trailing points, and permit traffic to converge. 
The fixed rail (3) against which the switch closes, is 
the stock rail. The movable rail (4) is the switch, the 
wide or fixed end is the heel, and the thin end the 
point or tongue of the switch. A common or V cross- 
ing (5) consists of two rails joined together in the form 
of a letter V (6), and two wing-rails (7). 

The wing-rails at a common crossing only carry the 
wheels until they are transferred to the V point, the 
remainder of the rail being simply a check-rail ; a 
common check-rail (8) is placed on the opposite side to 
a V crossing, its object being to keep one wheel in its 
true and proper position, so as to render it impossible 
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for the flange on the other wheel upon the same axle 
to strike the V point. 

The crossing of the down main, and up branch line, 
forms a " diamond" (9). Some engineers and plate- 
layers are in the habit of describing all the four cross- 
ings at the corners of this " diamond," as " diamond 
crossings." This is an error which frequently causes 
much confusion. The four crossings are all part of one 
diamond, but the two crossings, one at either end (5), are 
V crossings, and only the two at the sides (10) are 
diamond crossings. A diamond crossing (10) consists 
of a wing rail (11) upon which the wheels run, two 
diamond points (12) which receive the wheels from the 
wing rail, and a winged check rail (13) upon which no 
wheel runs, its object simply being to check the flanges 
and keep them clear of the diamond points (12). 
When a gang of platelayers commences to put in a 
double line junction, the following special rails are 
required in addition to the usual railway rails : — 

Marked. 

4 stock rails 3 

4 switch rails 4 

4 V points 6 

8 wing rails 7 

4 common check rails .... 8 

2 complete diamond crossings . . 10 
consisting of — 

2 wing rails 11 

4 diamond points 12 

2 winged check rails .... 13 

The system of check-rails shown (Fig. 37) appears 
so perfect that it would seem impossible for the flange 
of a wheel to go wrong, but unfortunately facts prove 
that a very slight defect will cause an accident. If 
a V crossing, or a diamond crossing be out of gauge, 
out of order, or be allowed to sink below its proper 



UNEXPLAINED RUNS OFF. 177 

level, or if the check-rail on the opposite side be loose 
or out of truth, the flange upon the leading wheel of an 
engine will strike and mount the point of the crossing 
instead of passing to the side. If the wheels of an 
engine be out of gauge, if the flanges be worn sharp, if 
an engine have a broken or defective leading spring, or 
an axle-box set fast in the horn-plates or the weight 
improperly distributed upon the wheels, the striking of 
a V or a diamond point is almost certain to follow : 
indeed the author has examined the wrecks of various 
accidents, several of which have been due either to one 
or other of the above mentioned possible causes. There 
is a common but very dangerous practice in use on 
some lines, of laying rails round curves, and also points 
and crossings tight to gauge, that is, less than the 
proper 4ft. 8J ins., and many of the " unexplained'* 
runs off are due to this fact. Points and crossings 
should be absolutely true to gauge, and round curves 
nothing conduces so much to easy and safe running as 
a little extra width in the gauge. The super-elevation 
of the outer rail of a curve is most important for safety, 
but, unfortunately, at a junction super-elevation cannot 
be applied, therefore it follows that trains passing over 
a sharp curved junction should have their speed re- 
duced. Many accidents occur in which engines strike 
crossings at junctions, but, upon examination, no cause 
can be seen ; the junction looks perfectly true and right. 
This is due to the weight of the engine bending the 
road, or causing parts of it to sink, and then when the 
engine has passed the line springs back right again, 
thus showing that the proper way to examine points 
and crossings is to actually see an engine passing over 
them, in addition to the usual measuring and gauging. 
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Scissors Crossings. 

" Scissors " crossings are employed at large stations, 
such as Carlisle, Crewe, Derby, &c., to assist in the 
speedy marshalling of passenger trains. They may be 
described as two cross-over-roads, crossing each other in 
the reverse direction; it therefore follows that a 
scissors crossing gives communication between two sets 
of rails, by means of facing-points, in any direction. 

Early History of the Block System. 

As soon as the electric telegraph was invented, Mr. 
(afterwards Sir) William Fothergill Cooke, and his 
coadjutor Wheatstone, saw its value as a means of 
regulating and controlling the working of trains, and 
as early as December, 1839, they induced the Great 
Western Railway Company to telegraph the arrival 
and departure of its trains from station to station 
between Paddington, West Drayton, and Han well, and 
if a second train should arrive at any telegraph station 
before the previous train was telegraphed as " arrived," 
it was stopped by signals and detained until such 
message was received. This was to all intents and 
purposes the object and spirit of what we now designate 
the Block System. In the year 1841 Messrs. Cooke 
and Wheatstone introduced independent instruments for 
controlling the trains in order to show at a glance if the 
line was clear or blocked. On the left-hand top corner 
of the instruments they printed the word " stop," and 
on the right-hand " go on'' ; they also provided a brass 
pin in order to hold over the handle and consequently 
the needle, to either side ; they further added an electric 
bell to call attention. The invention of the block 
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system, as used at the present day, was, therefore, 
practically completed by Cooke and Wheatstone in 
1841, and Mr. Cooke published his book, " Telegraphic 
Railways," in 1842. 

The Cooke and Wheatstone block system was put 
into use between Norwich and Yarmouth in 1844, and 
the instruments, instead of having the words " stop '* 
and " go on," had ** line clear" and " line blocked." 

During the winter of 1843-4 an accident occurred 
upon the Lickey Incline on the Birmingham and 
Gloucester Railway, and by the advice of Mr. J. E. 
MacConnell, the Company's Locomotive Superintendent, 
block working was carried out by complete telegraph 
messages. The following extract from the book used to 
record these messages is interesting : — Blackwell, for 
instance, telegraphed : 

" The Bristol goods is approaching here." 

Bromsgrove replied : 

" Right, let her come." 

Before the goods train could have reached the foot 
of the incline, Blackwell telegraphed : 

" The Bristol passenger is approaching." 

To which Bromsgrove replied : 

" Keep her back — goods not here yet." 

But in a few more minutes a further reply was 
sent : — 

" Right now, send her on." 

The telegraph engineer of the South Eastern Rnil- 
way in 1851 carried out the block working by means of 
a code of rings on the bell, and did not employ dial 
instruments. 

The London and North-Western Railway in 1853 
added a third position to the block instiuments, and 
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then had "line clear," "train on line," also "line 
blocked " when the needle was in the vertical position ; 
the telegraph wires were brought down the posts so 
that in case of a breakdown of a train the driver or 
guard could run to a post and cut the wire, and block 
either one or both lines, as necessary. 

In 1855 the South- Eastern Company adopted a form 
of block instrument having a miniature semaphore 
signal with two arms instead of needles. 

The North London Railway Company in 1858 tried 
the self-acting block system of Baronowski between 
Hackney and Kingsland. Upon a train passing over 
a lever arraugement the signal was put up to danger, 
and when the train arrived at a distance of 1,100 ycurds 
further, another set of levers took off the signal in the 
rear. The inventor claimed that it was, of course, 
cheap and required no signalmen ; it worked well for 
a time, and then failed and caused a serious collision. 
Whitworth introduced another form of working the 
block system, but one of his signals failed at Brsdcliffe 
Bridge in 1859, and another at Clayton Tunnel in 
1861, when twenty-three passengers were killed and 
one hundred and seventy- six injured. 

The Interlocking of Points and Signals. 

Fig. 4, page 45 of this volume, illustrates an inter- 
locking frame in which the locks are placed in front 
of the levers. Messrs. Saxby & Farmer, in 1888, in- 
troduced another arrangement. 

Fig. 38 is a rear view of one of Saxby & Farmer's 
25-lever frames, in which the whole of the locking 
gear is placed below the floor upon which the signal- 
man stands ; the writer finds this to be a very great 
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improTGment, na the cleaumg, oiling, and repairs can 
be carried out by the Etters more easily and in less 
time, and tbe Bigaalmen are not incoavenienced in 
their duties. 




Fig. 38. 

It is satisfactory to be able to point out that during 
the past few years great improvements have been car- 
ried out in the signalling upon many railways ; greater 
care is taken as to the position in which signals are 
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placed. Daring the past two years seyeral hundreds 
of signals, which were improperly situated, or placed 
upon the wrong side of the line, have been moved or 
replaced by others fixed upon the left-hand side of the 
line to which they refer. Upon page 55 of this yolume 
attention was directed to the danger of a purple light 
being an all right signal for sidings upon some railways, 
and in consequence those companies have substituted 
either a green or a white light. 

Single Lines. — The Train Tablet System. 

The train staff system (see page 64) combined with 
the absolute block system has for years been considered 
the best and safest method of working single lines. 
Delay, however, frequently occurs in consequence of 
the staff being at the opposite end of a section, and on 
some occasions it becomes necessary to send either an 
engine or a man on horseback to convey the staff to 
the end of the section at which it is required. Under 
the staff system tra£Bc can only be sent off from one 
end, although the whole section of line may be per- 
fectly clear of trains. To overcome the difficulty 
Messrs. Tyer have introduced the " tablet system." 

The idea of this system takes its rise from the self- 
acting machines which supply post-cards, &c., with 
the difference that the slide of the tablet apparatus is 
unlocked by means of an electric current instead of by 
a penny ; and in the tablet system the electric current 
is not intended to unlock the instrument at more than 
one end at one and the same time. 

A tablet has to be carried by every train upon the 
single line. When no train is in the section the tablet 
instruments are not in use, and the word " In " is 
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shown on the white ground of both discs, indicating 
that the tablets are all in the instruments. 

For the purpose of illustrating the course to be 
adopted, A and B are supposed to represent two signal 
boxes, one at each end of a section of single line. 
Upon the approach of a train A gives to B the proper 
"Is line clear" signal, which, having been repeated 
back by B, the signalman at A must push in the bell- 
plunger, and hold it until the galvanometer needle falls 
to zero ; the signalman B must then push the slide in 
the instrument well home, and then draw it out empty 
to the extreme extent ; this unlocks the commutator 
and lower disc, and causes the galvanometer to fall to 
zero; A must then turn the communicator from 
" In " to " Out," and draw out the slide containing a 
" tablet," and give such tablet to the driver as an in- 
struction to proceed. 

As soon as the train arrives at the other end, the 
driver hands the tablet to the signalman B, who, hav- 
ing placed it in the slide, pushes the slide in, and turns 
the communicator to "In." 

The slide must not be withdrawn until it has been 
pushed well home, the gauge adjusted so as to allow 
a tablet to be withdrawn or not, and the locking 
magnet has given a " click " ; in the same manner the 
"click" must be observed when a tablet is placed in 
the apparatus. It is usual to supply the instrument at 
each end with fifteen tablets in order that several trains 
may follow in the same direction. 

The system is in use upon several railways, and, it is 
stated, works satisfactorily, and saves much time. It is 
to be hoped that the system will prove absolutely reliable^ 
and that by mischance two tablets will never be issued 
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to drivers at botK ends of a sLogle Ti'tia section at the 
aame time. 

At the best of times a single line of railway is always 
a source of inconvenience and danger ; probably the 
increase of traffic will necessitate the doubling of the 
existing single lines, and Parliament should most 
firmly refuse to permit the construction of any new 
ones. From the shareholders' point of view it should be 
remembered that if a proposed new railway does not 
warrant the construction of a double line it is not 
worth making, as very few, if any, single lines pay a 
reasonable dividend upon their cost. 

TXTERLOCKTN'G OF SiGXALS. 

The annexed summary to 31st December, 1889 (the 
last published), shows by comparison with the table, 
page 35, the progress which has been made since 1884. 

At the close of 1889, levers required "concentra- 
tion ** in 3,789 cases, and " interlocking " in 3,552 
instances, and 2,325 pairs of "safety points" were 
requisite. The total length of line open for passenger 
traffic was 18,944 miles, of which 15,092 miles were 
worked on the absolute block system, thus leaving a 
balance of 3,852 miles which were still worked upon 
inefficient principles. The returns for the year 1890 
have not yet been published, but the author can state 
from his own knowledge that great progress has been 
made during the past year. 
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Shunting upon Main Lines. 

Several collisions have taken place during recent 
years in consequence of the absence of Lie- Bye Sidings, 
and the necessity to shunt goods trains from one main 
line to another for other trains to pass. 

On the 11th November, 1890, a serious collision 
occurred at Norton Fitz warren upon the Great Western 
Railway, by which ten persons were killed and twelve 
injured. A goods train having been shunted, was for- 
gotten by the signalman. It has been urged that 
•' clearance bars " and several other appliances should 
be used to protect shunted trains ; the only safe and 
proper remedy, however, is to have lie-bye sidings for 
shunting, and abolish completely the dangerous prac- 
tice of shunting from one main passenger line to 
another. 

Several railway companies in consequence of this 
accident have had returns made showing the numbers 
of trains thus shunted, and a number of lie- bye sidings 
have been ordered, and are now in progress of con- 
struction. 

The author, however, would urge upon drivers and 
guards to take precautions to protect their own safety 
and the safety of their trains by reminding the signal- 
men of their presence upon a wrong line. When a 
train is placed in a dangerous position, or if it be kept 
standing waiting for signals, the fireman or the guard 
should go at once to the signalman to ascertain the cause, 
and thereby prevent the signalman forgetting the train. 

An engine-driver, when shunted on to a wrong road, 
should keep an eye upon the signals which protect 
him, and if he observes that by error the signalman is 
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lowering those signals which should be "on," he 
should instantly open his whistle and take steps to call 
attention. If drivers, firemen, and guards would take 
this hint, which is thrown out for their own safety, 
the author is convinced that many of the collisions 
which now occur in consequence of signalmen "for- 
getting " trains would be avoided. 

Continuous Brakes. 

Upon page 167 of this volume the author expressed 
his opinion that certain railway companies would never 
attempt to settle the brake question until compelled to 
do so. The necessary compulsion has since been applied 
by Parliament, by means of the Railway Regulation 
Act of 1889, which was passed more especially in con- 
sequence of two very disastrous accidents. (1) On the 
16th September, 1887, a serious collision occurred at 
Hexthorpe, upon the Manchester, Sheffield, and Lin- 
colnshire Railway, when twenty-five persons were 
killed and ninety-four injured. The block system had 
been suspended ; a curve and bridge obstructed the 
driver's view until he was within 359 yards of 
another train. That distance was more than ample to 
have stopped a train provided with a proper automatic 
continuous brake, but unfortunately the company only 
used Smith's simple vacuum brake, which is well 
known to be inefficient, and constantly fails to act when 
required. On that occasion it did fail to act, and the 
terrible loss of life followed. (2) On the 12th June, 
1889, a terrible accident took place at Armagh, when 
the rear portion of a passenger train ran back down 
an incline and dashed into a following passenger train, 
in consequence of Smith's vacuum brake being non- 

o 
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automatic. Eighty lives were lost and 260 persons 
injured. This disaster caused the Government to 
practically adopt the Bill which Mr. Channing had 
introduced for so many years, and the Railway Regu- 
lation Act of 1889 was passed 30th August, 1889. 

The Board of Trade, under the powers granted, 
issued a circular to the companies, dated 24th Octoher, 
1889, directing attention to the fact that the block sys- 
tem, interlocking system, automatic continuous brakes, 
and other requirements were necessary, and that " The 
Board of Trade propose that the time limited for com- 
pliance with the orders should not exceed : — 

** For adoption of block working . one year. 
For adoption of interlocking . . eighteen months. 
For adoption of continuous brakes . eighteen months.'* 

The Board of Trade requires the brakes to be capable 
of being applied by engine-drivers and guards, and 
self-acting in case of accident. 

Under this heading we find three systems — ^namely, 
the Automatic Vacuum, Steel- Mclnnes, and Westing- 
house Automatic. The Steel-Mclnnes brake, however, 
is only fitted to twenty-nine vehicles upon the Cale- 
donian Railway ; we may, therefore, consider that for 
all practical purposes there are but two brakes returned 
as efiicient. 

Under the second, or non-efficient, heading the 
following brakes are recorded : — 

Clark's Chain, Clark and Webb's Chain, Fay's, 
Newall's, Parker-Smith's, Smith's Vacuum, Vacuum 
Webb's, Westinghouse Non-automatic. 

The annexed table shows the total number of vehi- 
cles fitted and unfitted at the close of the half-year 
ending 30th June, 1890 :— 



Engines. 


Vehicles. 


4,749 


38,237 


539 


5,912 


4,746 


7,644 


410 


2,263 
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Fitted with efficient brakes fulfilling the 

Board of Trade conditions . 
Fitted with brakes which do not fulfil 

conditions 

Fitted only with apparatus for workinfi^ 

or connecting biukes, or with through 

pipes, rods, or chains .... 
Nut fitted with either continuous brakes, 

apparatus, pipes, or chains 

Total stock, therefore . 10,444 54,056 

It will be observed tbat the brakes on 539 engines 
and 6,912 carriages will have to be changed from 
dangerous non-automatic systems to one or other of 
the two automatic systems. 4,746 engines, and 7,644 
vehicles which now have simply pipes and apparatus, 
require to be fitted with brake blocks, and 410 engines 
and 2,263 coaches require brakes complete. 

On the 4th of March, 1890, a very serious collision 
occurred at Carlisle, in consequence of the Automatic 
Vacuum Brake failing to act upon a London and North- 
Western express train, in consequence of its being 
frozen, thus causing the deaths of four persons and 
injury to fifteen others ; the following being the ver- 
dict of the coroner's jury : — " We find that the deceased, 
Jeannie Muirhead Lowson, Walter Ford, Mary Huxter, 
and William Lowles, were accidentally killed owing to 
the train in which they were travelling overshooting 
the platform and coming into collision with an engine 
belonging to the Caledonian Railway Company, and 
that such collision was entirely due to the failure of 
the brake with which the train was fitted. We acquit 
the driver of all blame, and are of opinion that he used 
all available means at his hand to stop the train. We 
are ftirther of opinion that the London and North- 
Western Rail way Company are incurring great respon- 
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sibility in using a brake of such an uncertain and 
unreliable character." 

The verdict was unanimous, and was signed by all 
the eighteen jurors. 

Regulations have been drawn up to overcome the 
difficulty of this brake freezing, but the recent severe 
winter has shown that the Automatic Vacuum Brake 
requires the greatest care, and even then cannot be 
relied upon in winter time, as, without giving any warn- 
in g, the main vacuum pipe, especially between the 
engine and the tender, becomes blocked with ice. 

Continuous Brakes upon Fast Goods Trains. 

Several serious accidents have occurred in various 
parts of the world, and also on English railways, in 
consequence of a passenger train running into the 
dihria of a slight collision which may have taken place 
between goods trains upon another set of rails. It 
therefore follows that the safety of passengers does to 
a very large extent depend upon the proper control of 
goods trains being placed in the hands of drivers. 

Upon many railways the fish, meat, and express 
goods trains are run at speeds equal to, or but very 
little less than, that of fast passenger trains. Many of 
these trains consist of thirty or thirty-five vehicles, 
and their average speed is fully thirty-five miles an 
hour, and upon certain portions of the road they attain 
fifty -five or sixty miles an hour. What are the means 
of controlling these heavy fast trains? Simply a 
tender hand-brake and one guard's van in the rear, 
and on some lines steam brakes fitted to the engines. 
It is easy to see, and engine-drivers themselves call 
attention to the fact, that this amount of brake power 
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is not sufficient, and the drivers ask that these fast goods 
trains may be fitted with proper continuous brakes. 

In America the Westinghouse Automatic Brake has 
been largely adopted for goods trains of fifty vehicles ; 
the same arrangement has been tried on the Baden 
State Railways, in South Australia, and generally 
adopted for and being fitted to Belgian State goods 
trains. In this country just now the companies are 
engaged with the fitting of brakes to their passenger 
stock ; when that is complete the express goods trains 
should also be provided with proper means of control. 

Overwork. 

During the past few years there have been many 
accidents due to the excessive hours of duty which rail- 
way servants have to work at a stretch upon some lines. 

At Eastleigh, upon the London and South Western 
Railway, on the 12th July, 1890, a fatal collision took 
place in consequence of a driver and fireman failing to 
observe signals. Major Marindin reported to the 
Board of Trade, ** It is not difficult to account for the 
conduct of these men, who, I feel convinced, must 
have been asleep, or nearly so, upon the engine, for 
they had at the time been on duty for nearly 16 J 
hours. It hardly needed this accident to show the 
enormous risk which attaches to the employment of 
drivers for these inordinately long hours, for it has 
often been pointed out in previous similar cases, and, 
apart from this, it should be patent to all that there is 
a limit to human endurance, and that a driver cannot 
be considered to be in a fit and proper state to perform 
his very responsible duties after working for such a 
length of time." 
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Mr. Courtenay Boyle, the Secretary to the Railway 
Department of the Board of Trade, in his report, dated 
August, 1890, states: — 

" I regret also to have to refer to the number of 
instances in which servants of the companies, perform- 
ing duties connected with the trains to which accidents 
occurred, had been at the time of the accident on duty 
for a large number of hours." 

Major-Qeneral Hutchinson, in a report published on 
the 18th January, 1891, relating to a collision at 
Shenfield, states : — 

'' It is impossible to expect a man in the responsible 
post of signalman to maintain his efficiency up to the 
end of so long a spell as fourteen hours.'' 

Major Marindin reports that the Great Northern 
driver and fireman in the case of the collision and 
fatal accident near Leeds had been on duty 18^ hours, 
and that "even their regular hours — yiz.^ 13 — ^are too 
long." 

Major- General Hutchinson, in a report published on 
the 2l8t January, 1891, states that the Brighton 
Company's driver, fireman, and both goods guards had 
been on duty 14f hours at the time of the collision, 
and calls special attention to the^" objectionably long 
hours." 

Upon page 152 of this volume the danger of ex- 
cessive hours of duty was pointed out, and the author 
was then under the impression that in the interests of 
public safety the companies would take the subject 
into consideration and reduce the hours. That, how- 
ever, has not proved so ; the hours worked at a stretch 
have gradually increased. The reports by the Board 
of Trade, and questions which have been asked in 



PARLIAMENTARY DIVISION. 193 

Parliament, have failed entirely. The great cause of 
the excessive hours is due to the large introduction of 
the " trip system," by which the companies only pay for 
the time which a train is booked to perform a " trip," 
not by the actual hours which a " trip " takes. 

In the interests of the travelling public the time 
appears to have arrived when either Parliament or the 
Board of Trade must place a limit upon the hours 
which a railway servant may be required to work at 
one stretch. 

Since the above was in type events have moved 
extremely quickly. A brief reference to the facts is 
therefore necessary. 

Excessively long hours of duty at a stretch, such as 
18, 20, 24, and 27 hours are frequently worked upon 
many lines, but more especially in Scotland. Against 
these hours the railway servants *' struck " work at 
Christmas, 1890, and the disastrous strike lasted for 
six weeks. In January, 1891, a Parliamentary return 
was published confirming the statements that excessive 
hours are worked to a very serious and dangerous extent. 

Mr. F. A. Channing, M.P., on the 23rd of January, 
1891, directed the attention of the House of Commons 
to the whole question of excessive hours, and moved a 
resolution proposing to give power to the Board of 
Trade to limit the hours of railway servants. 

The motion was opposed by the Government, and, 
after a debate extending over eight hours, a division 
took place, when there appeared, 

Eor Mr. Ohaxming's motion to give power to 

limit hours 124 

Against the motion 141 



Majority for the Government . .17 
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The division was of a strictly *' party " character, but 
several of those who voted with the Government spoke 
strongly against the present excessive spells of duty 
which are worked, and the President of the Board of 
Trade stated that " during the years 1889,1890, the 
inspecting o£Scers had found that fourteen collisions 
were more or less due to excessive hours of work on 
the part of railway servants, principally drivers and 
firemen, and twenty-four separate instances of over- 
time were given in relation to those cases.'* 

On Saturday, January 31 st, 1891, the strike upon 
the Scotch railways came to an end, having completely 
failed to effect any reduction in the excessive hours 
worked. Parliament and public opinion appears, 
however, determined to deal with the subject. 

In the House of Commons on February 3rd, 1891, 
the President of the Board of Trade, Sir M. Hicks- 
Beach, moved that a Select Committee be appointed to 
inquire whether, and in what way, the hours worked 
by railway servants should be restricted by legislation. 
The motion was agreed to without a division. In the 
interests of the companies themselves it is very much 
to be regretted that they did not some time ago take 
up the matter and reduce the hours, without either 
strikes, or Parliamentary legislation. 

There is, of course, no practical difficulty In avoiding 
long hours (except in case of accident), but the real 
difficulty is one of expense. 

Excessive hours, especially under the trip system, is 
a source of great saving to the companies, as thousands 
of hours are worked every day for which no pay is 
given, and which will now require the employment of 
other men to work. 
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Expenses mnat increase, but the safety of the public 
and the servants will be provided for, which is not 
now the case, as shown by ihe Board of Trade reports. 

Locomotive Detei.opuent. 

Having now dealt fully with the various appliances 

which regulate and control the safe working of the 

locomotive engine, some notes upon the development of 

the locomotive itself may be conaidered necessary ; a few 




Fig. 39.— The First Locomotive, 18C 



diagrams of ancient and modem engines will form an 
interesting link between the past and the preaent. 

The first locomotive engine (Fig. 39) which ever 
ran on rails was constructed by Richard Trevithick in 
1803, and on the 24th February, 1804, it was tried 
upon the Penydarran cast-iron plate-way, or tramroad, 
and conveyed trucks containing ten tons of bar iron 
and about seventy persons for a distance of nine miles 
to Merthyr TydviL 

In 1813 Blenkinsop and Murray placed an engine 
upon the Middleton Colliery line, Leeds ; and in 1813 
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Blacket aad Hedley constructed two locomotives for 
the Wylam line. 

During the year 1813 the owners of the Killing- 
worth colliery entrusted their enginewright, George 
StephcDsoo, with money to build them an engine ; it 




Fig. 10.— George Stephenaon'sFintEng^e, IBM. 

ran its first trip 25th July, 1814, and was named 
" Blucber." (Fig. 40.) 

The boiler was 8 feet long, 34 inches diameter, 
having a flue-tube passing through it of 20 inches 
diameter. The cylinders were 8 inches diameter, 24 
inches stroke, and placed vertically, half within the 
boiler. The power of the two cylinders was com- 
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municated by crose-beama and connecting-rods to 
cranks on tbe spindles of spur-wheels, which spui 
wheels in turn actuated the large cog-wheels on the 
engine axles ; the small central spur-wheel was e 
ployed to maintain the cranks at right angles to each 
other. "Blucher," on July 27tb, 1814, conveyed a 
train of eight waggons of coal, weighing 30 tons, up a 
gradient of I in 450, at a speed of four miles 
hour, and afterwards continued at work regularly. 

The Stockton and Darlington Railway {see page 16) 
was opened on the 27th September, 1825, by George 
Stephenson's engine, "Locomotion" (Fig. 41.) 




Fig. 41. — Stockton and Darlington Railway. 



" Locomotion " worked from 27th September, 1835, 
to 1841, and is still preserved upon a pedestal at the 
entrance to the North Hoad Station, Darlington. 

The " Rocket," by George ytephenson, which won 
the prize at Rainhill, October, 1829 (see page 17), is 
illustrated {Fig. 42). This engine is preserved ai the 
South Kensington Museum. 
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Fig. 42, — Liverpool and HaitDheBter Boilwaj, 



The Liverpool and ManchoBter Railway was opened 
on the 15th September, 1830, by the " Northnmbrian " 
(Fig. 43), which was constructed and driren by Geo^e 
Stephenson at the head of a procession of eight loco- 
motives. This engine had 11-inch cylinders, IS-inch 
stroke, and 5 feet driving wheels. 




The " Planet " (Fig. 44), constructed 1830, was a 
striking improvement upon all Stephenson's previous 
engines. The cylinders were placed " inside " under the 
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sTDoke-box, the driving wheels were placed at the trail- 
ing end of the engine, and a double-cranked axle was 
employed. 




Fig. 44. — Liverpool and Manchester Railway, "Planet," No. 9, 

1830. 

Stephenson constructed the " Mercury," December, 
1830 (Fig. 45), in which the frame of the engine was 
raised above the driving axle. 




Fig. 45.— *' Mercury," 1830. 

The Leicester and Swannington Railway was opened 
on the 17th July, 1832, by the " Comet." (Fig. 46.) 
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Hg. 46. — Leioester and Swanningtoii Railwsy, ** Comet," No. 1, 1832. 

This engine had 12-inch cylinders, 16-inch stroke, and 
6 feet wheels, conpled. 

The valve-gear of the " Comet ** was of the single 
eccentric type, in general use at that period, in which 
there was but one eccentric for actuating each valve. 
Each eccentric was loose upon the driving axle, motion 
being communicated by means of studs or drivers, 
which engaged with slots in plates fastened to the 
axle. By means of a treadle upon the foot-plate the 
engineman shifted the eccentrics from side to side, and 
caused them to engage with the forward or backward 
studs at pleasure. Another handle enabled the engine- 
man to lift up the small ends of the eccentric rods, 
after which he was able to reverse or start the engine 
by means of the two hand-gear levers upon the foot- 
plate, and when started he allowed the eccentric rods 
to drop into gear, and they continued to actuate the 
valves. The engine consequently had a regulator, a 
treadle, a lever to throw the eccentrics out of gear, and 
two hand-gear levers. 



THB FIRST STEAM WHISTLE. 
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In the early part of the year 1833 a locomotive engine 
named '^ Samson '' ran into a horse and cart at a 
level crossing on the Leicester and Swannington Kail- 
way ; this at once led Mr. Stephenson to have the first 
steam-whistle made ; it was exactly similar to a trumpet 
blown by steam. This goods engine was also the first 
to have four coupled wheels in front, a small pair of 
trailing wheels, and inside cylinders. The plan was 
so successful that in January, 1834, Messrs. Stephenson 
placed the "Patentee" (Fig. 47) upon the Liverj^ool 




Fig, 47.— Liverpool and Manchester Railway, ** Patentee," 1834. 



and Manchester Railway; it was the first passenger 
engine having inside cylinders and six wheels : a pat- 
tern since very generally adopted in this country. 

Mr. Brunei, when laying out the Great Western 
Railway, decided to adopt a broad or 7-feet gauge ; 
this broad gauge was practically unnecessary and 
financially a failure, but it did more to improve and 
develop the locomotive engine than any other circum- 
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atance by creating^ the rivalry known as the " battle 
of the gauges," 

The engines were designed by Mr. {afterwards Sir 
Daniel) Gooch, the first to be delivered being the 
"North Star," constructed by R. Stephenson & Co., 
1837. 




Fig. 48.— The Great Western Company's firat Engine, built 1837. 



The cylinders were 16 inches diameter, length of 
strobe 18 inches, diameter of driving wheels 7 feet. 

The " North Star " continued at work for thirty-two 
years, and ran a distance of 439,000 miles, and is still 
preserved at Swindon Works. 

Messrs. Stephenaoo also constructed several other 
engines of very sin^ilar design, named "Morning 
Star," " Evening Star," "Dog Star," "Polar Star." 

In December, 1836, Mr. T. E. Harrison designed, 
and during 1837-8 Messrs. Hawthorn constructed, 
two locomotives for the Great Western Railway. 



ODTSIDE CTUNDBRS. 
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Tliese engines had the cylinders and motion upon a 
separate frame and wheels from the fire-box and 
boiler. 

The first of these engines was named " Hurricane," 
and had a pair of driving wheels 10 feet diameter, the 
largest ever made. 

The " Thunderer" had wheels 6 feet diameter, but 
geared up, three to one, in order to be equal in effect 
to a wheel of 18 feet diameter. Both of these extraor- 
dinary engines proved unsatisfactory. 

Outside-cylinder engines were introduced and con- 
structed at Crewe in 1838-9, in order to obtain a 
large driving wheel and a low centre of gravity. The 
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battle of "outside versus inside** cylinders has not 
been settled nor decided to this day. 

The " Hector," Fig. 49, placed upon the Leicester 
and Swannington Bailway in 1839, illustrates a power- 
ful goods engine, having 16-inch cylinders, 20-inch 
stroke, and 4 feet 6 inch wheels^ weight, in working 
order, 17 tons : this is a pattern of engine since gene- 
rally adopted upon very many railways. 

The valve-gear consisted of four eccentrics and 
" fork motion." 

Mr. William Howe, a fitter in the employ of R. 
Stephenson & Co., invented the ** link motion." 

At that time (August, 1842) an engine. No. 71, 
was under construction for the North Midland Rail- 
way, and it was at once supplied with Howe's link 
motion, and commenced to run on September 10th, 1842. 
The reversing lever rack had seven notches on either 
side of the centre, and steam could be cut off at vari- 
ous* proportions of the stroke, from 4^ inches to 17| 
inches. Howe's link motion was at once adopted by 
nearly all locomotive builders ; it is in use in all parts 
of the world, and to this day there is no valve-gear to 
equal it. It may be here mentioned that some persons 
speak of the " link motion " as Stephenson's, but the 
above facts prove, and Mr. Stephenson himself always 
spoke of it as Howe's. 

The ** injector," by which locomotives are fed with 
water when an engine is either standing or running, 
was invented by H. J. Giffard, a French engineer, in 
July, 1858, and its use has become general in all parts 
of the world. Mr. John Ramsbottom and Mr. 
M^Connell, seeing its value, at once fitted it to engines 
upon the London and North-Westem Railway. 
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A modem, four wheels coupled, express engine is 




Fig. 50. — A Uodom Express Eogine, Qreat £iuitem Rtiilwaf , 

illustrated (Fig. 50), being one of the latest design, 
constructed by the Great Eastern Railway Company. 
The cylinders are 18 inches diameter, the stroke 
24 inches, coupled wheels 7 feet diameter. Total 
weight of engine and tender loaded, 72^ tons. 

Fig. 51 is, without doubt, one of the finest specimens 
of an express engine ever constructed. It is one of 
twenty-five built at the Midland Railway Company's 
works, from the designs of Mr. S. W. Johnson, 
locomotive superintendent, and it was sent to the Paris 
Exhibition, 1889, The cylinders are ISJ inches dia- 
meter; length of stroke, 26 inches; driving- wheels, 
7 feet 6 inches diameter ; pressure of steam, 160 lbs. 
per square inch. These engines are working ihe Mid- 
land Company's heaviest and fastest trains over very 
severe gradients with the greatest s 
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THE WEBB COMPOUND ENGINES. 207 

The Midland Oompany's coupled engines, 1738 
lass, have inside cylinders 18 by 26, 7 ft. wheels, 
^60 lbs. of steam, and a bogie at the leading end. 
Jor working its trains over the Lancashire and York- 
«hire Railway, the Midland Company has recently built 
the 1808 class of bogie engines, having cylinders 18 
by 26, and four coupled 6 ft. 6 in. wheels, and 160 lbs. 
of steam. The Company also has the 1667 class with 
19 in. cylinders. 

On the London and North-Western Railway a large 
number of the Webb compound engines are in use. 
They have three cylinders, and after the steam has 
done its work in the two high pressure cylinders it 
enters the one low pressure cylinder. The last new 
engines of this class have four driving wheels 7 ft. 
diameter ; the small leading wheels have radial axle- 
boxes, the steam pressure being 175 lbs. 

" The Lady of the Lake," which was in the Exhibi- 
tion of 1862, and 60 other engines of the class built by 
Mr. Ramsbottom, with outside cylinders and a single 
pair of driving wheels 7 ft. 7J in. diameter, continue 
to run splendidly with a load suitable to their power. 
The North Western Company also has a large number 
of four-wheeled coupled engines, having cylinders 17 
by 24, and 6 ft. 7 J in. wheels. 

Upon the Great Northern Railway, the expresses 
are worked by Mr. Stirling's fine outside cylinder 
bogie engines, having a single pair of driving wheels, 
8 ft. 1 in. diameter, cylinders some 18 and others 18^ 
by 28. Another type, No. 238 for instance, has inside 
cylinders 18^ by 26, and 7 ft. 7^ in. single wheels. 

The Great Western Company still continues to work 
its broad gauge expresses, with the engines of the 
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"Great Western" type, designed by the late Sir Daniel 
Gooch, and built between 1846 and 1855 ; they still 
have single driving wheels 8 ft. diameter, and cylinders 
18 by 24, but have been rebuilt. 

The London and South- Western Company has just 
built some new bogie express engines, having a leading 
bogie, outside cylinders 19 by 26 and four coupled 
wheels of 7 ft. diameter, and a boiler pressure of 
175 lbs. per square inch. 

On the Brighton Railway engines of the " Glad- 
stone'* class are used, having the four coupled 6 ft. 
6 in. wheels placed in front, and a small trailing 
wheel. The cylinders are 18J and the stroke 26 in. ; 
they have "air " reversing gear. These engines take 
very heavy trains and work remarkably well. This 
Company has also single express engines, with wheels 
6 ft. 6 in., and the " Grosvenor," with wheels 6 ft. 
9 in. diameter. 

On the South Eastern Railway, express engines are 
employed, designed by Mr. James Stirling, having a 
leading bogie and four coupled wheels of 7 ft. diameter, 
the cylinders being 19 by 26 ; they have steam revers- 
iug gear. 

On the London, Chatham and Dover Railway, the 
express engines designed by Mr. W. Kirtley have a 
leading bogie and four coupled wheels of 6 ft. 6 in. 
diameter, the cylinders being 17^ by 26. 

The Metropolitan and Metropolitan District Com- 
panies both work their heavy and continuous passenger 
traffic with leading bogie, outside cylinder, four 
wheels coupled passenger tank engines, — they have 
cylinders 17 by 24 and wheels 5 ft. 9 in. diameter. 
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The Steam Sand Blast. 

It is well known that locomotive engines frequently 
lose time by "slipping," as in the ordinary sanding 
arrangement much of the sand falls, or is blown off 
the rails by the wind. The steam sand-blast is now 
being largely adopted. 

By means of the handle, steam can be admitted to 
the sand-ejector, thus drawing a small supply of sand 
from the sand-box, and projecting it in a powerful 
and constant sand-blast to the point of contact between 
the wheel and the rail. 

It will be clearly seen that the sand falls into the 
sand-trap, and is then carried down in a fine jet by the 
inrush of air caused by the steam ejector. 
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A BSOLTJTE block system de- 

-^ scribed, 36. 

Accidents on rail^vays, 1889, 1. 

Adams, joint chair by, 24 ; fish- 
plates introduced by, 23. 

Armagh accident, 187. 

Atihby tramroad, 12. 

Author, the, suggests third*cla«s 
dining and sleeping cars, 159. 

Automatic brakes necessary, 66. 

Axles, breaking of crank, 96 ; by 
Vickers and Co., 101 ; Larbert 
acci-ient, 110 ; miles run by, 
101; Penis'one accident, 105; 
steel V rsus iron, 97 ; Stretton's 
patent, 104. 

"P> ALL and key fastening, 18. 

-*-' Ball valve, 92. 

Barker's hydraulic brake, 67. 

Birlow's iron-road, 21. 

Barnes, Mr., Lawson Colliery, 11. 

Bars, locking, 69; train safety, 
63. 

Binegar accidents, 145, 151. 

Birkinshaw's fish-bellied rail, 14. 

Block system, described, 36 ; in- 
struments, 37; signal codes, 39; 



early history of, 178 ; union 
with interlocking, 47. 

Blocks, stone permanent way, 1 1 . 

Boari of Trade conditions re 
brakes, 70 ; reports on acci- 
dents, 1 ; circular re mixed 
traiurt, 169. 

Brakes, automatic, 66 ; Barker's 
hydrauUc,67; Clark and Webb's 
chain, 67 ; conditions for effi- 
ciency, 70 ; continuous, 66, 163; 
director's opinion upon, 71 ; 
"leak-off," 75; vacuum auto- 
matic described, 82 ; Westing- 
house automatic described, 76. 

Brunei, Mr., Broad gauge, 19. 

Burscough Junction accident, 133. 

/^ANONBURY tunnel acci- 

^-^ dent, 38. 

Carlisle accident, 189. 

Cast-iroT> plate-rails, 9 ; sleepers, 
31 ; wheels, 9. 

Chairs introduced, 11. 

Channing,Mr.,M.P.,167,188, 193. 

Colebrookdale Une, 10. 

Communication, cord system un- 
reliable, 6. 
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Compagnie dee AppareUs* coup- 
ling. 127. 

Continiioufl brakes, 65, 187. 

Cook, ooupling by, 124. 

Coupling trials at Nine Elms, 
report, 113. 

Couplings for railway waggons, 
112; by Cook, 124; by Dar- 
ling, 125; by Hill, 123; by 
Latham, 127 ; by Paris Com- 
pany, 129 ; by Younghusband, 
121. 

Crossings, 31, 173; scissors, 178. 

Cylinder for brakes. Westing- 
house, 80 ; yacuum, 91. 

T^ARLING, automatic waggon 

coupling by, 125. 
Defectiye signalling, 51. 
Distant signals, proper pattern, 4. 
Double parallel rails, 18. 
Drivers* valve, 78. 

Jj^DGE rail introduced, 11. 
Ejector, combined, 89. 
Electric repeaters to work with 

signal arm, 5. 
Engine fitted with vncuum brake, 

83 ; Westinghouse, 77. 

TRACING-POINTS, improved 

duplex detector, 60. 
Facing-points to be avoided if 

possible, 4. 
Fish-plates introduced, 23. 

O ALTON, Captain, brake ex- 

periments by, 69. 
Gauge of railways, 15 — 19. 
Glenfield tunnel, cast-iron road 

laid through, 21. 
Guards' valve, 78—88. 

Tq AND-SIGNALLING dan- 

geroufl, 4. 
Hartley's sybtem too rigid, 20. 



Hexthorpe accident, 187. 
Hill, Mr., coupling by, 122. 
Hodgson, Mr., electric interlock- 
ing by, 48. 

TNTERLOCKING of points 

and signals, 44. 
Improved detector by Saxby and 

Farmer, 59. 
Iron axles, 97 ; rails, cast, 9 ; 

wrought, 13. 

J ESSOP'S edge rail, 10. 

Junction working, 61. 
Junction, double line, 175. 

TZ"EYS, iron, 14 ; wooden, 18. 

T ATHAM Brothers, coupling 

^ by, 127. 

Leicester and Swanington Kail- 

way, report re stone-blocks, 20 
Liverpool and Manchester Rail- 
way, 16 ; opened, 198 
Locke, Mr., double parallel rails 

by, 18. 
Lockerbie, accident at, 140. 
Locking gear for signals, 61. 
Locomotive — 

by Trevithick, 195. 

by Blenkinsop and Murray, 195. 

by Blacket and Hedley, 196. 

George Stephenson's first, 196. 

" Locomotion," 197. 

"Rocket," 198. 

*• Northumbrian," 198. 

"Planet," 199. 

"Mercury," 199. 

"Comet," 200. 

"Patentee," 201. 

«• North Star," 202. 

*» Hector," 203. 
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Ko. 719, Great Eastern Bail- 
way, 205. 
Ko. 1,853, Midland Bailway, 
206. 
Longitudinal system of sleepers, 

29. 
Lord Coleridge on Manslaughter, 
133. 

lyr ANI8TT, the late Mr. Jus- 
tice, on manslaughter, 137. 

Mechanical slot signal, 56. 

Midland Bailway, Sir J. Allport's 
policy, 154 ; block code, 39 ; 
brakes in use, 75, 165 ; perma- 
nent way, 29 ; position of keys, 
26. 

Mixed trains, 169. 

Moon, Mr., on third-class, 155. 

"^AKROW gauge, origin of, 
-'^^ 16, 172. 
Newark brake trials, 67. 
Nine Elms coupling trials, 113. 
North -Eastern brake trials, 69. 
North -Eastern, cost of permanent 

way, 174. 
Novelty, the, 17. 

QXTTSIDE keys, 25. 

Outram's, Mr., way, 11. 
Overwork dangerous, 162, 191. 

TDASSENGER communication, 
5 ; platforms and footboards, 

6 ; traffic, 153. 
Penilee, accident at, 136. 
Penistone, accident at, 105, 166. 
Permanentway, ancient, 8; badly 

drained, 22 ; ballast, height of, 

27 ; chairs first introduced, 11 ; 

cost of, 173 ; crossings, 31, 173; 



first requisites for good, 22 ; 
gauge, 16, 19 ; joint chairs, 23 ; 
keys, iron, 14 ; keys, wooden, 
18 j fish-plates, 23 ; platelayers, 
9; points, 30, 175 ; rails, bridge, 
29 ; rails, cast-iron, 9 ; rails, 
double-headed, 18 ; rails, *' fish- 
bellied," 14 ; parallel, 18; rails, 
various patterns, 28; sleepers, 
cast-iron, 21 : sleepers, position 
of at joints, 24 ; sleepers, steel, 
32 ; sleepers, weight of, 28 ; 
sleepers, wooden, 28 ; stone- 
blocks, 11 ; weight of, per yard, 
29, 174 ; woodf^n, 8. 

Perth accident, failure of chain - 
brake, 141. 

Prestbury accident, failure of 
signal, 136. 

"OAILS, steel, weight of, 29, 
*' 174; breaking of, 30 ; fish- 
bellied pattern, 14. 

Railway accidents, 1889, 1 ; axles, 
97; brakes, 65, 163; couplings, 
112; origin of 4-feet 8j-inch, 
171; platelayers,origin of name, 
9; Railway Regulation Act, 
1889, 188 ; servants and law of 
manslaughter, 131 ; servants' 
long hours dangerous, 152, 191; 
traffic returns, 153; working 
expenses, total, 157 ; working 
expei.ses per mile, 157. 

Reservoir, main, for brake, 76. 

Rocket, the, 17, 198. 

liutherglen, failure of the chain 
brake at, 133. 



OADDLE-BACK rail by Bar- 

^ low, 21. 

Sans Pareil locomotive, 17* 



214 



INDEX. 



Shunting on main lines dangerous, 
186. 

Signals, electric slot, 57; distant, 
home, and starting, 37 ; defec- 
tive signalling, 61 ; diagram 
of junction, Plate II. ; proper 
position for, 4; returns, 160, 
184. 

Single line, train staff system, 
64 ; tablet system, 182. 

Siitingbourne accident, 133. 

Six months' hard labour, 152. 

Sicam sand blast, 210. 

Stephenson, Mr. G., opinion on 
the gauge, 16. 

Stockton and Darlington Railway 
permanent way, 15; "Locomo- 
tion," 197. 

Stone -blocks used by Barnes, 11. 

Stretton's patent crank-axle, 104. 

Stretton, report on brakes, 163. 

Super-elevation on curves, 31. 

Sweep and navvy policy, 166. 

Syke's system of signalling, 49. 

n^ANK engines unsafe at ex- 
press speed, 5. 

Third-class traffic, the mainstay 
of receipts, 163 ; Mr. Moon 
upon, 155 ; third-class dining 
and sleeping carriages re- 
quired, 169. 

Traffic returns, 156. 

Tramroads introduced, 8; Cole- 



brookdale, 9 ; origin of name, 
11. 
Triple valve, 80. 

TTNIFORM system of signals 
necessary, 4. 

Union of block and interlocking 
systems, 47. 

United Kingdom, miles run by 
trains, 157; miles of line open, 
166 ; open for passengers, 184. 

yACUUM brake, 82. 

Vacuum brake frozen, 190. 
Vickersand Co.'s steel axles, 101. 
Vignol's rail described, 30. 

'Yy'ATFORD, accident at, 142. 
Webb, Mr., steel perma- 
nent way by, 32. 

Wennington accident, 31. 

Westinghouse automatic brake 
described, 76; fulfils Board of 
Trade conditions, 82; results 

. obtained at Gisburn, 69 ; at 
Newark, 67 ; at York, 69 ; for 
fast goods trains, 191 

Wheels, cast-iron, 9 ; wooden, 9. 

Wilmslow accident, failure of 
steam brake, 143. 

Wooden keys, introduced by Mr. 
Locke, 18; ways, 8. 

Wrought-iron rails first tried, 13. 

Y^UNGHUSBAND and Hud- 
son, coupling by, 121. 
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EXTRACT FROM PREFACE. 

The favourable reception and great success which have been accorded to the author's 
previous works, " Locomotive Engine Driving," " Stationary Engine Driving," and others, 
have led him to believe that he could produce a book for the pocket, which might be regarded 
as the Engineman's Travelling Companion, and so meet a want which has been universally 
felt, and expressed by many Enginemen who have written to him on the subject. 

The present work is therefore written for Locomotive, Stationary, Traction, and Portable 
Engine-men ; a class of men who, although they labour hard all day — and some of them all 
night — ^have but little time for reading after their work is done, and yet have many spare 
moments, during the intervals of their occupation, which they would be glad to utilise by 
the acquisition of practical knowledge advantageous to them in their calling. 



OPINIONS OF THE PRESS. 

"The author's previous works form excellent contributions to practical engineering 
literature, and the work now before us maintains his character. It contains seventeen 
chapters of useful information, not merely on mechanical subjects, but on scientific sub- 
jects connected more or less closely with them." — Engineer, 

"Mr. Reynolds's book is well suited to accomplish his object, being the honest 
workmanship of a competent engineer. The work is really an admirable one, suited to 
meet a crying vrant."~-Glasgtno Herald, 

" This practical educator will be appreciated by all enginemen, boiler attendants, and 
mechanics, especially those who know how to make the best use of the odds and ends of 
time." — Hardware Trade Journal, 

" Every subject in connection vnth engines is fully explained in the plainest language 
in the work before us, and makes the book a highly useful instructor to all those desirous 
of obtaining a thorough knowledge of engines and engineering."— Ttm^^r IVades 
Journal. 

** This work is wonderfully prolific in information, and is put forward in such a clear 
and forcible manner, that those for whom it is intended cannot fail to comprehend and 
appreciate. To the young engine-driver especially it is commended,"^Doncasler Free 
Press. 

" This book will be a boon to those who are striving to become efficient mechanics." 
Daily Chronicle. 
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SUMMARY OF CONTENTS. 

INTRODUCTORY CHAPTER. 

PART I.— DESCRIPTION AND MANAGEMENT OF THE LOCO- 
MOTIVE: Chap. I. — General Description of the Locomotive. 
II. — Detailed Description of the Locomotive, with Key. 
ni. — ^Characteristics of Good-working Engines Performing 
Long Runs. IV. — ^To set the Slide-valves. V. — How to be- 
come A Model Engine-Driver. VI. — Duties of an Engine- 
driver, vn. — Duties and Training of a Fireman. VIII. — 
Duties of an Engine-driver with a Train.^ IX. — Causes 
OF Failures. X. — Shed-day. 

PART II.— SCIENTIFIC PRINCIPLES : Chap. I.— The Indicator. 
n. — Hydrostatics, Hydraulics, Pneumatics, in. — Principles 
of Combustion. IV. — Steam and the Principles of its Ex- 
pansion, v.— Principle of the Safety-valve Lever. 

PART III.— CERTIFICATES FOR DRIVERS AND FIREMEN: 
Chap. I. — Certificates for Locomotive Drivers. II. — Subjects 
OF Examination for Certificates. 

PART IV.— EXAMINATION MATTER : Arithmetic— Diagram of 
Engine-running — ^To find the Consumption of Coal per 
Mile — To calculate the Quantity of Water evaporated per 
Pound of Coal — ^The Diameter of Driving-wheel and thk 
Speed— To find the Horse-power of a Locomotive — ^To calcu- 
late the Heating Surface o? a Fire-box — To find the Area 
OF A Safety-valve — Table showing the Consumption of Fuel 

— To TEST THE QUALITY OF IRON — ^TABLE OF THE FORCE OF THE 

Wind — Knots. 
PART v.— REGULATIONS FOR ENGINEMEN AND FIREMEN. 
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PERSONAL OPINIONS, 
From Thk Right Hon. Earl Grosvenor. 
" It is most useful to railway men, and ought to be in the hands of all 
engine-drivers." 

From Samuel W. Johnson, Esq., Locomotive Superintendent^ 

Midland Railway. 
<< It is eminently practical, and will be of great assistance to all who are 
aspiring to become nrst-class drivers, and who have the welfare of the company 
they serve at heart." 

From J. P. Knight, Esq., General Manager, London, Brighton, and 

South Coast Railway. 
<< A capital and useful work, which will be a valuable addition to railway 
literature." 

From J. McFarlane Gray, Esq., Surveyor to the Board of Trade. 

'* The reading in this book is first-rate ; the manner in which the author 
treats the practical question is really excellent, and the energy he displays 
most attractive." 

From J. Ramsbottom, Esq., Harewood Lodge, Mottram. 
<* It will, I have no doubt, be much read, both by the class which it more 
immediately concerns, and by others who take an interest in the proper 
handling of the greatest mechanical civiliser of our times, namely, the Loco- 
motive Engine." 

From Patrick Stirling, Esq., Locomotive Superintendent ^ 
Great Northern Railway, Doncaster. 
** I am quite sure if all engine-drivers were to read it they would immediately 
derive much practical benefit. I hope it will run through many editions." 

From A. M. Watkin, Esq., M.P. 

** I know no other book so useful for young men who wish to rise on the 
footplate." 

G. H. P. in Golden Hours, 

" A reformer, whose efforts deserve a grateful recognition, has lately risen 

up in the person of Mr. Michael Reynolds Mr. Reynolds has a vast 

practical experience, and he is accordingly making a brave effort to improve 
the condition of drivers and firemen, and thus to confer a lasting boon upon 
the public. He writes from personal knowledge, having himself risen from the 
humblest rank." 

OPINIONS OF THE PRESS. 

" Mr. Reynolds deserves the title of * The Engine-driver's friend.' " — Railway News* 

** Mr. Reynolds is the first man in England to write a book which might be a Driver's 
Companion and Guide. He has supplied a want, and he has supplied it well." — The 
Engineer. 

" The author has opened a new chapter in the literature of the day. Of the practical 
utility of Mr. Rejmolds's book we have to speak in terms of warm commendation." — 
AthencBum. 

" Eminently practical, being the work of one who knows his subject thoroughly." — 
Railway Service Gazette. 

** Were the cautions and rules given in the book to become part and parcel of the every- 
day working of our engine-drivers, the dangers attending railway travelling might be 
materially lessened, and we might have fewer distressing accidents to deplore." — T/te 
Scotsman. 

** The author is a practical man, whose career should be included in the next edition of 
Mr. Smiles's * Self-Help.' Most of the information contained in his work was gleaned on 
the foot-plate of the Limited Scotch Mail, 'Wild Irishman,' Manchester and Liverpool 
Express, on the London and North- Western Railway." — 7'Ae World. 

''The book is altogether one which we strongly recommend for circulation among 
engine-drivers and ziolaexz."— Railway News. 

** The book i« as novel as it is useful*" — English Mechanic, 



STATIONARY EHGINE-DRITING. 



STATIONARY ENGINE DRIVING. 

A PRACTICAL MANUAL 
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SUMMARY OF CONTENTS. 

Chap. I. — ^Introductory Notice of the Steam-Engine and Boiler. 
Chap. U. — Materials of which Engines and Boilers are made. 
Chap. III. — The Stationary Engine — Condensing Beam Engine. 
Chap. IV.— Details of the Stationary Engine— Condensing 
Beam Engine. Chap. V.— The Cornish Pumping Engine— De- 
scription and Working of it. Chap. VI. — The Horizontal 
Engine — Semi-portable Engine. Chap. VU. — Compound 
Engines. Chap. VIII. — Cornish and Lancashire Boilers. 
Chap. IX.— The Galloway Boiler. Chap. X. — Details of 
THE Galloway Boiler. Chap. XI. — Starting and Working 
AN Engine and Boiler. Chap. XII.— Management of the Fire. 
Chap. XIII. — Management of the Feed- water and of Boiler- 
feeders. Chap. XIV. — Causes of Failures. Chap. XV. — 
Steam-boiler Explosions. Chap. XVI. — The Indicator, and 

HOW TO WORK it, WITH ILLUSTRATIVE DIAGRAMS. CHAP. XVII. — 

Arithmetical Calculations for Enginemen. Appendix. — ^To 
Test the Quality of Iron— Knots. Index. 



OPINIONS OP THE PRESS. 



" The author \i thoroughly acquainted with his subjects, and his advice oii the Tarious 
points treated is clear and practical. . . . He has produced a manual which is an exceed- 
ingly useful one for the class for whom it is specially 'vaXea6sA^*—Engineering, 

" Mr. Rejmolds leaves no stone unturned. He is determined that his readers shall not 
only know something about the stationary engine, but all about it,"— Engineer, 

" We should like to see the book on the parlour-table of 9firf ibf^ll^liilaa tiild lb%man 
in the United Kinjpdom."— /rwi. 

" An engineraan Who has mastered the contents of Mr. Reynolds's book will require 
but little actual extierience with boilers and engines before he can be trusted to look after 
them." — English Mechanic, 

" Tliis book shoiiid llhd its way into every engine-room in the United Kingdom, for it 
deserves not mere perusal only, but to be kept for reference and study at all sj^are times. 
. . . Skilled engineers and apprentices and students in engineering cannot fail to glean 
from its pages many golden grains — or, in other words, information— which, properly used, 
MAY BB TRAMSMUTBO INTO GO\.T>y^Forenuin Engineer, 

" A very clear and comprehensive treatise on a very interesting subject. . . . The book 
should be possessed by every intelligent and ambitious engine-man." — Builder. 

*' A practical manual by a practical man. To the young working engineer the volume 
will prove of especial value." — Mining Journal, 

** This work should be in the hands of eveiy engine-driver in the United Kingfdom."— 
Railway News, 

** An invaluable guide to stationarjr-engine practice. ... It is just the sort of book 
which should always be at the elbow of everyone who bas, or ^\xq \% IvksXi \a ^a:«v ^^ 
nuuutgemeat of an engine."~'Building World, 
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A HISTORICAL NOTICE OF THE PIONEER LOCOMOTIVE 
ENGINES AND THEIR INVENTORS 
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CERTIFICATES OF QUALIFICATION IN THE RUNNING SERVICE 
OP RAILWAYS 

MICHAEL REYNOLDS, 

EStilh numerous Illttstraticrna anli Sortwit of (Ecmrgc (Stephtnsmi. 
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THE MODEL LOCOMOTIVE ENGINEER. 



SUMMARY OF CONTENTS. 

PART I.— THE PIONEER ENGINEERS : Chap. I.— The Locomo- 
tive Men. Chap. II.— The Stationaxy-engine Men. Chap. III. 
— The Locomotive and its Driver. 

PART n.-.EARLY HISTORY OF THE LOCOMOTIVE : Chap. L 
— The Impossibility of the Locomotive. Chap. H. — The 
Coal Tramways. Chap. III.— Richard Trevethick. Chap. 
rv.— The Rack-rail and the Central Chain. Chap. V. — 
"William Hedley and the Plain Rails. Chap. VI.— George 
Stephenson. Chap. VII. — George Stephenson's First Locomo- 
tive. Chap. VIII. — The Blast in the Chimney and the 
Coupling-Rods. Chap. IX.— George Stephenson a Railway 
Constructor. Chap. X. — The Liverpool and Manchester 
Railway, and Competition of Locomotives. Chap. XI. — 
George Stephenson, the Successful. 

PART III. — CERTIFICATES OF QUALIFICATIONS IN THE 
RUNNING SERVICE, LOCOMOTIVE DEPARTMENT : Chap. I. 
— ^The Management of a Railway. Chap. II. — The Locomotive 
Foreman. Chap. HI.— The Engine-boy. Chap. IV.— Third- 
class Engine-boy's Certificate. Chap. V. — Second - class 
Engine-boy's Certificate. Chap. VI. — First-class Engine- 
boy's Certificate. — Chap. VII. — The Fireman. Chap. VIIL— 
Third-class Fireman's Certificate. Chap. IX. — Second-class 
Fireman's Certificate. Chap. X.— First-class Fireman's Cer- 
tificate. Chap. XI. — The Engineer. Chap. XIL— The Third- 
cxAss Engineer's Certificate, Etc. 



OPINIONS OF THE PRESS, 



"Well calculated to fire the ambition and increase the efficiency of those to whom it is 
moreparticularlv addressed. Mr. Reynolds's fitness for the task is well known." — Builder, 

"We should De glad to see the book in the possession of everyone in the kingdom who 
las ever laid or is to lay hands on a locomotive engine." — Iron. 

" Mr. Reynolds has given much pains and thought to a matter of which he has prac- 
tical experience."— >SVi/»r</eiy Review. 

"The author is most practical in his teaching, so that the youngest lad and the oldest 
irorkman may learn lessons from his book that will prove invaluable through life. . . . 
Evexy railway man who wishes to rise in the world should study this hook."~'Dat7y 
Tglegraph, 

" From the technical knowledge of the author, the book will appeal to the railway man 
of to-day more forcibly than anything written by Dr. Smiles. . . . The volume contains 
information of a technical kind, and facts that every driver should be familiar with." — 
English Mechanic. 

** This book embodies, in terse, clear, and frequently epigrammatic language, the results 
of the experience and observation of a man whose whole life has been spent among loco- 
motives, and who, by dint of his own skill, industry, and perseverance, * rose from the 
ranks ' to a h^^hly responsible official position on the London, Brighton, and South Coast 
Railway." — Foreman Engineer. 

" The book is replete with information and graphic detail for the railway man who 
seeks practical knowledge combined with interesting matter." — Railway Service Gazt.ite, 

" The book should be read by all locomotive engine-drivers."— AVrM British Daily 
Mail, 
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Ninth Thousand. Crown 8vo, price 28. cloth. 

ENGINE-DRIVING LIFE; 

OR, 

STIRRING ADVENTURES AND INCIDENTS IN THE LIVES 
OF LOCOMOTIVE ENGINE-DRIVERS. 

By MICHAEL REYNOLDS, 

AUTHOR OP " LOCOMOTIVE BNGINB-DRIVINO/' ETC. 

Contents. Chap. I.— -Introduction. II. — The Engine-boy : Early 
Struggles. III. — The Engine-fireman: Formation of Cha- 
racter, rv.— The Engine-driver: His Progress. V.— The 
Engine-driver : Foot-plate Education. VI. — The Engine-dri- 
ver's Dog. Vn.— Sudden Surprises. VIII.— Punishment, and 
ITS Administration. EX.— Runaway Engines. X. — Runaway 
Trains. XI.— The Royal Train. XII.— The Death of Driver 
Nathan Gordon. XIII.— The Tay Bridge Accident. XIV. — 
I-AST Trips. XV.— How to " Treat " the Engine-driver. 



" Thb book from first to last is perfectly FASCINATING. Wilkic Collins' most 
Chrilling[ conceptions are thrown into the shade by true incidents, endless in their variety, 
related m every pa^e." — North British Mail, 

"A book of exciting interest^ and reveals more vi^ddly than any other volume with 
which we are acquainted the bright, the heroic, and the sad sides of daily life on our iron 
roads."— G. H. P. in Golden Hours. 

" Anyone who wishes to get a real insight into railway life cannot do better than read 
' Engine-driving Life' for himself, and if he once takes it up he will find tiiat tiie author's 
enthusiasm and real love of the engine-driving profession will cany him on till he has read 
evciypage." — Saturday Review, 

" The book should be 'read by all ranks in the locomotive department." — Railway News, 

** The author shows us what is the whole career of the engine-driver, with all its diffi- 
culties, dangers, and perils, from the time he begins life as an engine-boy to the end of his 
eventim history ."—£ werpool A Ibion . 

Large Crown 8vo, price 9s., handsomely bound in cloth, with bevelled boards. 

CONTINUOUS RAILWAY BRAKES, 

A PRACTICAL TREATISE 

0/7 THE SEVERAL SYSTEMS IN USE IN THE UNITED KINGDOM, 
THEIR CONSTRUCTION AND PERFORMANCE, 



By MICHAEL REYNOLDS, 

AUTHOR OF "locomotive ENGINE -DRIVING," ETC. 

Witih 83 Illn»tadxtms, 9 Jixlbing $itdtg, nxth Sixtmttorx» '^^nbltg. 
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A popular explanation of the diiferent brakes. It will be of great assistance in forming 

Fublic opinion, and will be studied with benefit b^ those who take an interest in the brake, 
t is a clesLT exposition of the brake question as it relates to the rival systems." — Bfi^lish 
Mechanic, 

" Mr. Reynolds stands firmly upon the footplate when he comes to review the many 
kinds of railway^ brakes that have been brought forward, and regards their claims with the 
eye of the practical engineer." — Daily Chronicle. 
" May be recommended to all who desire to study the subject of continuous brakes."-^ 

CROSBY LOCKWOOD fc CO., 7, STKt\ow«s? 'Haia. Cw(%.t, "Lokdon. E.C. 
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MECHANICAL ENGINEERING, etc. 

New Manual for FracticaZ Engineers. 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 
a Treatise on Modem Engines and Boilers: Marine, Locomotive and Sta* 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a 
comprehensive Key to the Board of Trade and other Examinations for Certi* 
ficates of Competency in Modern Mechanical Engineering. By Waltbr S. 
HuTTON, Civil and Mechanical Engineer, Author of "The works' Manager's 
Handbook for Engineers," &c. With upwards of 370 Illustrations. Third 
Edition, Revised, with Additions. Medium 8vo, nearly 500 pp., price i8«. 
Strongly bound. 

1^ This work is designed as a companion to the Author's '•Works* 
Manager's HanD'BOOK." It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publica- 
tion, but collected b^ the author for his own use in the construction of a great variety 
of modem engineering work. 

The information u given in a condensed and concise form, and is illustrated by 
upwards 0/370 Woodcuts; and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Emgimss, Boilers 
mJothbr Emginssrimg Work. 

*»♦ Opinions of the Press. 
" We have kept h at hand for several weeks, referring to it as occasion arose, and we have not 
00 a single occasion consulted its pages without fii 'Jng the information of which we were in quest. * 

" A thoroughly good practical handbook, whi^h no engineer can go through without leamlnif 
something that will be of service to tu;a."— i/artV^ Engineer. 

" Aq eaccellent book of reference for engineers, and a valuable text-book for students of 
engineering. "-^Sfiolrmaff. 

"This vahiable manual embodies the results and experience of the leading authorities on 
mechanical engineering."— iffMt'Aftn^ News. 

" The author has collected together a surprising quantity of rules and practical data, and has 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of its kind published, and will be a very popular compendium."— isM^tn^^r. 

" A mass of information, set down in simple language, and in such a form that it can be easily 
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where it will rank as 
one of the most useful books of reference."— Praf/iVa/ Eug^iueer. 

" Full of useful informatiQn, and shQUid be found on t^'e office shelf of all practical engineers.' 
•^^nglUh Mechanic, 

B 
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Handbook for fForks^ Managers. 

THE WORKS' MANAGER'S HANDBOOK OP MODERN 

RULES, TABLES, AND DATA. For Engineers, Millwrights, and Boiler 

Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass 

Foanders, &a Bv W. S. Hutton, Civil and Mechanical Engineer, Author 

of "The Practical Engineer's Handbook." Fourth Edition, carefully Revised, 

and partly Re-wrltten. In One handsome Volume, medium 8vo, price 155. 

strongly bound. lyust publishuL 

tsr The A uthor having compiled Rules and Data far his own use in a great 

variety of modem engineering work, and having found his notes extremely useful, 

decided to publish them— revised to date— believing that a practical work, suittd to 

/Atf DAILY REQUIREMBNT8 OF MODERN nvGrvn^KS, would be favourably rccetved. 

In the Third Edition, the following among other additions have been made, vix,: 
Rules for the Proportions of Riveted Joints in Soft Steel Plates,the Result* of Expert' 
ments by Professor Kennedy for the Institution of Mechanical Engineers— Ruin 
for the Proportions of Turbines— Rules for the Strength of Hollow Shafts of Whit- 
worth*s Compressed Steel, &c, 

♦»♦ Opinions of thb Press. 

"The author treats every subject from the point of view of one who has collected workshop 
notes for application in workshop practice, rather tlian from the theoretical or literary aspect. Th« 
volume contains a Rreat deal of that kind of information which is gained only by practical expert* 
ence. and is seldom written in books."— f«f*»*rr, 

"The volume is an exceedingly useful one, brlmftil with engineers' notes, memoranda, and 
rules, and well worthy of l)eincf on every mechanical engineer's booksheHf—Mechanicai IVorU. 

" The information is precisely that likely to be required in practice. . . . The work forms a 
desirable addition to the library not only of the works manager, but of anyone connected with 
general engineering."— Afiniftf youmal. 

"A formidable mass of facts and figures, readily accessible thfoagh an elaborate index 
.... Such a volume will be found absolutely necessary as a book of reference in all sorts 
of 'works* connected with the metal trades." — Rytand's Iron Trades Circular. 

" Brimful of useful information, stated in a concise form. Mr. Hutton's books have met a press- 
ing want among engineers. The book must prove extremely useful to every practical man 
possessing a copy."-' Prac/ieal Engineer, 

JPractical Treatise on Modern Steam^Boilers. 

STEAM-BOILER CONSTRUCTION, A Practical Handbook 
for Engineers, Boiler-Makers, and Steam Users. Containing a large Col- 
lection of Rules and Data relating to the Design, Construction, and Working 
of Modern Stationary, Locomotive, and Marine Steam-Boilers. By Walter 
S. HuTTON, Civil and Mechanical Engineer, Author of ••The Works* 
Manager's Handbook," •' The Practical Engineer's Handbook,'* &c. With 
upwards of 300 Illustrations. 
IS* This work is written in the same style as Mr, Hutton*s other practical 

Handbooks, which it is intended to supplement. It is in active preparation and tvtU, 

it is expected, be ready in April, 

*^The Modernised Tetnpleton.'^ 

THE PRACTICAL MECHANICS WORKSHOP COM- 
PA NION. Comprising a ^eat variety of the most useful Rales and Formnte 
in Mechanical Science, with numerous Tables of Practical Data and Calca- 
lated Resul ts for Facilitating Mechanical Operations. By William Tbmplb- 
TON, Author of "The Engineer's Practical Assistant," &c. &c. Sixteenth 
Edition, Revised, Modernised, and considerably Enlarged by Waltbk S. 
HuTTON, C.E., Author of "The Works' Manager's HandDook." "The 
Practical Engineer's Handbook," &c Fcap. 8vo, nearly 500 pp., with Eiriit 
Plates and upwards of 250 Illustrative Diagrams, 6s., ttronely bound tor 
workshop or pocket wear and tear; U^ published, 

*»* Opinions of thk Press. 

" In Its modernised form Hutton's ' Templeton ' should have a wide Hteb lb* It ^»«"«tftnt andl 
valuable infonnation which the mechanic will often find of use, and not a few tables and notes wMch 
he might look for in vain in other works. This modernised edition win be appiedaled by aU viio 
have teamed to value the original editions of ' Templeton.' "—English Mecmmie. 

" It has met with great success in the engiheermg workshop, as we can' testUy 1 Bad<tiiere are 
a great maiu' men who, in a great measure, owe their rise in life to this little hQclk,"—^ttiltUltg ffewt, 

" This (aiuili.nr text>book — well known to ail mechanics and engineers— is of essential service to 
the every-day requirements of engineers, millwrights, and the various trades connected with 
engineermg and building. The new modernised edition is worth its wdght in gold.**— Ifwitf^/ 
News. (Second Notice.) 

" This well-known and largely used book contains information, bronglit up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh information has been introduced 
a« to cnnstiture it practically a new book. It will bo largely used in the office and wotfckbop."— 
M:ch(iuical //V>-/,/. 

" 1'lic pnMi'>iifrs wisely entrusted the task of revision of this popular, valuable and eseftd book 
to Mr. ilutton. tli.in whom a mote comv>etent man they could not have found."— >/rwii. 
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Stone^'waricing Machinery^ 

STONE-WORKING MACHINERY, and th$ Rapid and EconomU 
m/ Convenum of Skme, With Hints on the Arrangement and MaJaagement 
of Stone Works. By M. Powis Balb, M.I.M.B. With Illasts. Crown Kvo, 9«. 
"The book aboitid ba In tha hands of every mason or student of stono^work."— 

C»lHtry Gumfdiatu 
"It te la erarjr Mose of tiie word a standard work npon a subject which the author is luily 
ipeCient to deaieshanstiTeljr with." — Builder's IVeekly Reporter. 

'* A capital handbook for all who manipulate stone for building or ornamental purposes."— 
Mmchinery MarMA 

JPufnp Construction and Management. 

PUMPS AND PUMPING : A Handbook for Pump Users. Being 
Notes on Selection, Construction and Management. By M. Powis Bale, 
M.I.M.E., Author of " Woodworking Machinery," " Saw Mills," &c. Crown 
8vo, 2$. 6d. cloth. [Just publishtd. 

"The matter is set forth as concisely as possible. In fact, condensation rather than diffuse' ess 

has been the author's aim tbrougrhout; yet he does not seem to have omitted anytbini; likely to t>« 

of nse." — yeurnalo/Gas Lighting, 

" Thoroughly practical and simply and clearly written."— CT/ajr^^w Herald, 

Turning. 

LATHE'WORK : A Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. Bv Paul N. Hasluck., 
Fourth Edition, Revised and Enlarged. Cr. 8vo, 5s. cloth. [_Just published. 
** Written by a man who knows, not only how work ought to be done, but who also knows n<>w 

to do it, and how to convey his knowledge to others. To all turners this book would be valuable. * 

—Engineering. 

" We can safely recommeiul the work to young engineers. To the amateur It will simply be 

btaluable. To the student it will convey a great deal of useful information."— ^'Mj^tWrr. 

"A compact, succinct, and handy guide to lathe- work did not exist in our language until Mr. 

Hashick, by the publication of this treatise, gave the tuxnot titxucvade-mecMfn."—J/ous* Decorator 

mcrew-Cutting. 

SCREW THREADS : And Methods of Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
By Paul N. Hasluck. Author of " Lathe- Work," &c. With Fifry Illustra- 
tions. Third Edition, Revised and Enlarged. Waistcoat-pocket size, 15. 6d. 
cloth. I Just published, 

** FuU of nseful information, hints and practical criticism. Taps, dies and screwing*tools gene> 

flDyare illustrated and their action described."— Jf^cAanico/ World. 

** It b a complete compendium of all the details of the screw cutting lathe ; in fact a mMUum- 

in-parvo on all tne subjects it treats upon."— Carpenter and Builder. 

SnUth's Tables for Mechanics^ etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised 
and Enlarged, with a New Section of Electrical Tables, FoRMULiC, and 
Memoranda. Waistcoat-pocket size, is. 6d. limp leather. {Just published. 
*' It would, perhaps, be as difficult to make a small pocket-book selection of notes and fomiulaB 

to «uit AU. engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat. 

pocket coDection may be looked upon as a successful attempt."— E?tirineer, * 

**The l>est example we have ever seen of 950 pages of useful matter packed Into the dimen* 

skms of a eaxd<aae."—BuMifig News, " A ventat>le pocket treasury of knowledge."— /ron. 

Mngineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 

By William Tbmplbton. 7th Edition, with Additions. i8mo. zs. 6d. cloth. 

" Occupies a.foremost place among books of this kind. A more suitable present to an appren- 
tice to any of the mechanical trades could not possibly be mtid«."'— Building News. 

"A deservedly popular, work, it should be in the 'drawer' of every mechanic."— ff^/ir A 
Afechanic 

Iron and Steel. 

" IRON AND STEEL " ; A Work for the Forge, Foundry, Factory, 
and Office, Containing ready, useful, and trustworthy Information for Ircn- 
masters and their Stock-takers ; Managers of Bar, Rail, Plate, and Shet t 
Rolling Mills : Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mecnanical, Mining, and Consulting Engineers ; Architects, Contractors, 
Builders, and Professional Draughtsmen. Bv Charles Hoarb, Author of 
" The Slide Rule." &c. Eighth Edition, Revised throughout and considerab y 
Enlarged. 32mo, 65. leather. 

•• For comprehensiveness the book has not its equal."— /r<»«. 

••One of the best of the pocket books."— £'«^/fcr/f Mechanic. 

"We cordially recommend this book to those engaged in considering the details of all kbids of 
Iron and steel works."— Aavo/ Sciente, 
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/engineering Construction. 

PATTERN-MAKING : A Practical Treatise, embracing the Main 
Types of Engineering .Coustniction, and inclading Gearing, bom Hand and 
Machine made. Engine Work, Sheaves and Pulleys, Pipes and ColnmnSi 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand, &c., together with the methods of Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. By a Foreman Pattern Maker. With upwards of Threa 
Hundred and Seventy Illustrations. Crown 8vo, ys, 6(1. cloth. 
"A well- written technical guide, evidently written by a man who understands and has prao> 
tisf^d what he has written about. . . . We cordially recommend it to engineering students, ytu g 
joumeyroen, and others desirous of being initiated into the mysteries of pattcm-making."— ^MiiW«r. 
" We can confidently recommend this compreheusive treatise.' — BuHding News. 
" Likely to prove a welcome guide to many workmen, especially to draughtsmen who havs 
bcked a training in the shops, pupus pursuing their practicsil studies m our factories, and to em- 
ployers »nd managers in en^neering •wotVsP— Hardware Trade youmal. 

"More than 3^0 illustrations help to explain the text, which is, however, always clear and ex« 
pUcit, thus renderme the work an excellent xfod* mecHtn for the apprentice who desires to becoBM 
n. aster of his Xxa.d«.'^En£^lish Mechanic, 

Uictionary of Mechanical Engineering Terms. 

LOCK WOOD'S DICTIONARY OF TERMS USED IN THE 

PRACTICE OF MECHANICAL ENGINEERING,einhvaiCing those current 
in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning, Smith's and 
Boiler Shops, &c. &c. Comprising upwards of 6,000 Definitions. Edited by 
A Foreman PatterN'Makbr, Author of " Pattern Making.'* Crown 8vo, 
75. 6d. cloth. 

"Just the sort of handy dictionary required by the various trades engaged in mechanical en* 
gineering. The practical engineering pupil will fiud the book of great value in his studies, and 
every foreman engineer and mechanic should have a copy." — Building News. 

"After a careiul examination of the book, and trying all manner of word^ we think that tfie 
engineer will here find all he is likely to require. It will be largely used."— /yocMm/ Engineer. 

" One of the most useful books which can be presented to a mechanic or studtnt."—£n£iisA 
Mechattic. 

" Not merely a dictionary, but, to a certain extent, also a most valuable guide. It strOces us as 
a happy idea to combine with a dd&nition of the phrase useful information on the subject of which 
it treats."— il/acA»«rry Market. 

"No word having connection with any branch of constructive engineering seems to hm 
omitted. No more comprehensive work has been, so far, \saiwl."—Knowletlge. 

" We strongly commend this useful and reliable adviser to our firiends in the workshop, and to 
S'udents everywhere." — Colliery Guardian, 

Citeam BoUex-^. 

A TREA1ISE ON STEAM BOILERS: Their Strength, Om- 
struction, and Economical Working. By Robert Wxlsom, C.E. Fifth Edition. 

i2mo, 6s. cloth. 

" The best treatise that has ever been published on steam boilers.**— ^*vi&iMr. 
"The author shows himself perfect master of his subject, aad we heartily recommend all 9K^ 
ploying steam power to possess themselves of the work."— i^Amm^ V Iron Trmdg Circtlmr, 

Holler Chimneys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 

and Stability. With a Chapter on Lightning Cwiducton, By Robert 
Wilson, A.T.C.E., Author of " A Treatise on Steam Boilen," &c. Second 
Edition. Crown 8vo, 3^. 6d. cloth. 

" Full of useful information, definite in statement, and thoroughly practical in treatmeot."-- 
TAe Local Government Chronicle. 

" A valuable contribution to the literature of scientific building."— /"A^ BuiUUr, 

BoUer Making, 

THE BOILER-MAKER'S READY RECKONER &> ASSIST- 

A NT, With Examples of Practical Geometry and Templating, for the Ute 

of Platers, Smiths and Riveters. By John Courtney. Edited by D. K. Cuimr, 

M.I.C.B. Third Edition, 480 pp., with 140 Illusts. Fcap. Svo, 7s. half^bonnd. 

" A most useful worlc ... No workman or apprentice should m ivithont this book.**— 

tron Trade Circular. 

" Boiler.makers will readily recc^^iise the value of this volume. . . . The tablet are dearty 
prtnted, and so arranged that they can be referred to with the greatest fecUi^, so that it cannot be 
doubted that they wifl be generally appreciated and much used."— JAM>v J'tmytml, 

iFarming, 

HEATING BY HOT WATER; with Information and Sug- 
gestions on the best Methods of Heating Public, Private and Horticultural 
Buildings. By Walter Jones. With upwards of 50 Illustrationsi crown 
8vo, 2s. cloth. 

" We confidently recommend all interested in heating by hot water to wcttre a copy of thit 
taluahlit Utile trcatitie."- r/te Plumbtr onti Cccorafor. 



JtECBAHlCAL SNGlNEERim. tit. 5 

fleam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Sop- 
^■nunl en Gu Eailaea, ind Part II. on Heat Enoihes. Bv T. U. 



id Ifas Roj 




Gas Enninea. 

ON GAS-ENGINES. Being a Reprin!, with some Addilions, of 
the SuKilemeiit U the Tit-boell m Ihi Slcan Engine, by T. M. Goodivi, 
M.A, Sown Svo, a. M. elolh. 

Steam. 

TUB SAFE USB OP STEAM. Containing Rules for Uo- 



Prioe £i 51. INtaily rtai^. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, ft 
Eitginim and Sttamjiuri. Br Nelson Folet, Aalboi of "Boitsr don- 







ENGINEERING ESTIMATES. COSTS AND ACCOUNTS: 






CSISST IXfefJ-QOD » SOS 'S CATALOGUB. 
T±z ?!yrm «C£0 OF MICHAEL BETKOLDS 



LSCCXrZZTZ-ZSSIKZ DSinSG : A PrMdkal Mmuml for 
- CTTTt TjTnnr. ^nn-nnrnf & Ems tc tex Loccvotztx K»BnnL IM^lii lUns- 





STJrrr.YJ^r EXGZSE driving : a Prmdkml Mamud for 

7 gfMtt. By MicsAKL, Rktvolos. Foivth 

Orarwn 8vo, 4s. 6d. cloth. 

far rxK :^B lar'nAoK x s spccatBr iccua Bg."— »EigfBaBray. 

«ic^-Bn± . He is aeamrrwd tJatlfc wdetsstal not on^y know 

* As a ^-uM u at ^i^ aasMsecrc i^r jxact sf Mr Jt^pnUs'sboolcwB reqoirebatBttle actual 

J3he EmgimeeTf Fireman^ ai^ Engine-Boy. 

THE MODEL LOCOMOTIVE ESGISEER, FIREMAN, and 
EXGiyE-SOT. Ck* ^itvn e a Hissoeical Notice of the Pioneer Locomotive 
y-r-^** asd tbsir IsTe:i^ors. Bt If ickaxl Rxtsolds. '^n^th nmneroos Illus- 
crafiocs asd a £ae Pcr:rait of Georfit Stepbensan. Grown 8to, 45. 6tf . cloth. 
"FroM ite ^ rfh-j *• kaowledfv of tke sa^kor iR wS appeal to die laDway aaa of to-daj bkkv 
a*r titaa au i tMe iraieaea fry Dr. Siafles. . . . Tbe vohna coasuas mfomialioa of a todi* 

^-H-csbaJd^cai^see aas book ia the ponessfam of wayooa ia the kii^doa who h«i 

iJontinuous Sailway Brakes, 

COSTISUOUS RAILWAy BRAKES: A Practical TreoHsi on 
/«« several Sjstewa w Use w ike Untied Kimgdom ; their CoMStfuctitm mmd 
letformMLce. ^Ith copious lUnstrations and niu n e tousTaMes. By Micsabx. 
Retxou>s« Large crowo Svo, 9s. doth. 

** A popnbr ezplaaanoa of tbe diderent biakes. It vlll be of creat ^i"***"*"* in fbrador pabBe 
opimoii.aiid«ilbestiidkd«kh benefil by those «te take aa attCRSt ia tlw taakaJ=^-XivA:(* 
aitckAHie. ^ ^, ^^ _,_^,_ 

** WiitteB viCb snScient technical detaS to ts^\jti the laintitile and idative oonaactiQa of tha 
various parts of each partimlaf brake to b*.ir'.ljqr K ia m p u ."— J fa ni^wa pal Wmrld^ 

Kngine-Drimng Life* 

ENGINE-DRIVING LIFE : Stirring Adventures and Incidents 

in the Lives of Locomottve-Engime Drivers, By Michasl Rbtmouds. Sec<Mid 

Edition, with Additional Chapters. Crown 8vo. ss. cloth. 

"Prom first to last lyrfecHy fascinating. WilkieColllns'smost thrflKn gco P cep t lon s ajpetihrowB 
fato the diade by trne incidents, endless in their variety, related in erety pam."'--iV«f^ 

" Anyone who wishes to ipet a real insight into railway life cannot do better than read * Engine* 
Driving Lifc'for himself ; and if be once take it np he wiu find that the author^ aathnsiasai ana real 



IfTOiMrhorapnf driTingprfrfrvriTTnirinnirTThiinnnrtnhrha^rratifrrfnrpajifi'' Ta/wn/nyfffirffar 

Jfocket Companion for Enginemen. 

THE ENGINEMAN*S POCKET COMPANION AND PRAC^ 
TICAL EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five lUnstra- 
tions and numerons Diagrams. Second Edition, Revised. Royad xSmo^ 3s. 6d., 
8tronf;ly bound for pocket wear. 

" This admirable work is well suited to accomplish its object, being th« hooest workoMnship ci 
a competent engineer.''--(;/iu;fvw Herald. 

" A most meritorious work, giving in a succinct and practical form all the bifomatioii an eng{n» 
■inder desirous of mastering the scientific principle of his daily calling would require. "—AfiSrr. 

"A iKwn to those who are striving to become efficient mechanics."— 270*^ CArwwksfc 



C2V2L ENGINEERING, SURVEYING, etc. 



French'Etiglish Glossary for Engineers^ etc. 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH; with Tables 8«itablc for the Architectural, 
Engineering, Manofaetoring and Nautical Professions. By John James 
FixTCHBR, Engineer and Sorveyor. aoo pp. Waistcoat-pocket size, is, 6d,, 
limp leather. 

** It vmtfli t oertabdf to b* In tbe waistcoat-pocket of erery professional man.**— /roH. 
**It b a very great adyantage for readers and correspondents in France and Hnt^l.uid to have 
whqi* a nnmber of the words relating to engineering and manufacturers collected in a liltputiau 
vataoMi. The little book will be usefuTbotb to students and traveOers."— WrfAi/^(/. 

"The glooBry of terms Is rerj complete, and many of the tables are new and well arranj^cd. 
We cordialbr commend the \io6kr—Mtchanical fVorUL 

IPortahle Engines, 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT, A Practical Manual for Owners and Users of Steam 
Engines generally. By William Dyson Waksbrouch. With 90 Illustra- 
tions. Crown 8vo, 3s. 6d. doth. 

** Tbis is a work of value to those wno use steam machinery. . . . Should be read by every 
iae wbo has a steam engine, on a farm or tisewhete,''—Afark Lane Express. 

** We cordially commend this work to buyers and owners of steam en){incs, and to those who 

« to do with their construction or use."— 7>m^^r Trades ytumal. 

** Snch a general knowledge of the steam eneine as Mr.vVansbrouKh fumi.hos to the reader 
ihouid beacqnired by aO inteU^fent ownersand others who use the steam engine."— A';<iV</i//^>' Se-ws. 

"Aa excdlent tezt-book of this useful form of engine, which describes with all nr>ccs<;.iry 
mlmitfMiess the details of the various devices. . . * The Itints to Purchasers ' contain a ifoud deal of 
coounonseiise and practical yiSsAoiau"— English Mechanic. 
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MR. HUMBER'8 IMPORTANT ENQINEERINQ BOOKS. 
The Water Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OF CITIES AND TOWNS. ^jWixaaku Humber, A-M.Inst.C.E., and 
M. Inst. M.B., Author of " Cast aod Wrought Iron Bridge Construction," 
ftc. &c. Illustrated with 50 Double Plates, i Single Plate, Coloured 
Frontispiece, and upwards of 250 Woodcuts^ and containing 4cx) pages of 
Text. Imp. 4to, £6 6s. elegantly and substantially half-bound in morocco. 

List of Contents. 



Conduits.— XIII. Distribution of Water.— XIV. 
Meters, Service Pipes, and House FittinfS^s. — 
XV. The Law and Economy of Water Works. 
XVI; Constant and Intenuitteat Supply.— 
XVII. Description of Plates. — Appendices, 
giving Tables of Rates of Supply, Velocities. 
&c £c., together with Specifications of several 
Works illustrated, among which will be found : 
AberdeeiL Bideford, canterbury, Dundee. 
Halifax, Lambeth, Rotherham, Dublin, and 
others. 



I. Historical Sketch of tome of the means' 
that have been adopted for the Supply of Water 
to Cities and Towns. — II. Water and the Fo- 
reign Matter usually associated with it.— III. 
Rgiiffan and Evaporation.— IV. Springs and 
die water-bearing formations of various di»> 
trictSw — V. Measurement and Estimation of the 
flow of Water— VI. On the Selection of the 
Sourca of Supply.— VII. Wells.— VIII. Reser- 
Toiis.— IX. The Purification of Water.— X. 
Pinnps. — XL Pumping Machinery. — XII. 

" The most systemaoc and valuable work upon water supply hitherto produced in English, or 
In any odier language. . . . Mr. Humber s work is characterised almost thruu};liout by an 
•xhaustiveness much more distinctive of French and Gcorman than of E n g li s h technical treatises." 
•^.Engineer. 

•* We can congrattdate Mr. Humber on having been able to give so large an amount of Infer- 
■nation on a subject so important as the water supply of cities and towns. The plates, fifty in 
nimiber, are mostly drawings of executed works, and alone would have commanded the attention 
of every engineer whose practice may lie in this branch of the profession." — Builder, 

Cast and Wrought Iron Bridge Construction. 

yA COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION, including Iron 
Foundations. In Three Parts — ^Theoretical, Practical, and Descriptive. By 
William Humber, A.M.Inst.C.E., and M.InstM.B. Third Edition, Re- 
Tised and much improved, with 115 Double Plates (20 of which now first 
appear in this edition), and numerous Additions to the Text. In Two Vols.| 
imp. 4to, £6 165. 6d. half-bound in morocco. 

"A very valuable contribution to the standard literature of jirlvflenglneerijig. In addition to 
devatiot^;' - • - • ^.^ .. __v^ 

tlve worth 

duringtheJa^fiveveatfsi^ Wder the d'rectlon of the Ute Mr. Brund, Sh'W. Cubitt, "Mr. Hawk- 
Shaw, Mr. p&gre, Mr. Fowler, Mr. Hemans, and others among our most emmeut engineers, ar« 
drawn and specified in great detail."— Engineer 




8 CROSSy LdCHf\fOdD £■ SON'S CATALOgVB. 

UR.HUMB£R'8 BRiAT WORK ON MODERN ENGINEERIHa. 

Complste in Foni Toldmea. IiDp«[il4la, price fii in., balf-moTocco. Eicb 

A RECORD OF THE PROGRESS OF MODERN ENGINEER- 
IKG. First Skbi.b. Compriaiag Civil, Mechanical, Marine, H.drauUc, 
Railwaj, Bridae, end olber Engineering Works, Sc. By Wiluam Huhbib, 
A-M.Insl.C.E., Ac. Imp. 4to, with 36 Double Pistes, drawn 10 alarge scale, 
Pboiotrrapbio Pnnrait of John H.»kshaw, C.E., F.R.S., 4c., and copion* ■ 
descriptive Lelterpresi, Speciiioalioni, *c., £j ji. balf-morocoo, 

npUlnli SouthpoR PiDii'pUHi); vinorti ^usj^ Aimaui Flam: Suspm^mSSfc* 
S«*llo>l«Ild Roal. L^C. Si TK >nd G. W. R. |a Tbuiira U pEitcll; The AJIca Ba^ati Sw 

HUMBER'S RECORD OF MODERN ENGINEERING. Sbcomd 
Seates. imp. 4I0, wilh 36 Double Plates, Phalographic Portrait of Bobert 
SlepheDion, C.E., M.P„ P.R.S,, Ac. aod coplouB dsscriptiTe Letterprm, 
Specihgationa, Ac, £j jj. haltmorocoo. 

Liii of the PlaUs and Diagrxmt. 

Bh^enbead Docks, Low Wa1« Buin {ic [ and AbmBTHncy Ralhrty ; EMnr VlndaA 

PUtsJ; Chlring CnjD Station Roof. C. L. Manhyr, Tredeoai. Bad AbtrwHTannv Rkfl^ 

"^■■T (3 pkntM) 1 Djpwell Viaduct. GihL way ; CoDon Wood Viaduct CorciwWII Ridt 

Nmlhenltlllailt : RnEbetT Wood Viaduct. ray; DuUlb Wintsi Falaca Rool () nlalv) | 

Wijr; Clidicli VUducl, ^ntb^. TndoEii, I (iplatali AQxnHiitKiur.Cteeaackitiilu^ 
bi bu ben brau^bi bufoic tbo profctshm toA ttic pubUo.~— JVuTlail Uulkotiift yrnrniU. 

BUMBER'S RECORD OP MODERN ENGINEERING. Third 
SiHiis. Imp. .lo, wilb 40 Double Plates, Photomphlc Portrait of J, R, 
M'Clean, late Prei. Inal. C.B., and coploni deaciiptive Lslterpreu, Spaci- 
ficatioDS, 8c, £3 31. balf-morocco. 

Liil of th4 plala and DiagTami. 

HUMBER'S RECORD OF MODERN ENGINEERING. FotiRTH 
Seues. Imp. 410, wilb 36 Double Plates, Phoiograpbic Pomit of Tahn 
Fowler, late Pres. Inst. C.E., and copious deBCripIiia Letltupissi, ^Ki- 

List of llw Plala ant Diagranu. 

Abbej Mdll Fnmpfaiff Ststion, Idak Dralit- ld«oi»tvnla; ^la^Kt e?«r Ihs Vihrn^Tf^ 
■■> u^..i.i.>ij* u ntAxati £arrcw Dockt IE IdbUiad RaDwar (3 platoj: St.GaBast1^ 
uct, Sintlifo uii Vaf dud, L:oniwaD Raflvar te ^atBl 1 Wfeiwkt* 
!ci)l Adam^ LJicoina- InaCyUadeifiit DIt<^ Bill HUtiiM DocM 
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MB. HUMBER'8 ENGINEERINQ BOOKS-continued. 
Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
JN GIRDERS ANDSIMILARSTRUCTUREStAND THEIR STRENGTH. 
Consistini; of Formnlaa and Correspondiog Diaerams, with numerous details 
fw Practica\ Application, &c. By William Humber, A-M.Inst.C.E., &c. 
Fourth Edition. Crown 8vo, nearly xoo Woodcuts and 3 Plates, 71. 6d, cloth. 

** The forambe are neatly exprened, and the dia^ranu f^ood"— A theH^tum. 

** We heartihr commend this rcaUy Marufy book to our engineer and architect readers.''— ^«v^ 

Barlow's Strength of MateritUs, enlarged byHumber 

A TREATISE ON THE STRENGTH OF MATERIALS; 
with Rules for Application in Architecture, the Construction of Suspension 
.BridKes, Railways, &c. By Petkr Barlow. F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
mre added. Experiments b^ Hodgkinson, Fairbairn, and Kirkaldy ; and 
Formula for Calculating Girders, &c. Arranged and Edited by W. Humbkr, 
A-M.Inst.C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous Wood, 
cuts, x8s. cloth. 

** Valuable aUke to the student, tyro, and the experienced practitioner, It will always rank in 
Ihtnre, as h has hitherto done, as the standard treatise on that particular subject."— ifM^M^cr. 

** There is no i^eater authority than BatIow. "—BuiMinjr News. 

** As a scientific work of the first class, it deserves a foremost place on the bookshelves of every 
dvil engineer and practical mechanic"— £'n^/u A Mechanic. 



Trigonmnetrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation •/ Geographical and 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c., with 
Useral Problems, Formulas, and Tables. By Lieut.-General Fromb, R.E. 
Fourth Edition, Revised and partly Re-written by Major General Sir Charlrs 
Warrsm, G.C.M.G., R.E. With 19 Plates and 1x5 Woodcuts, royal 8vo, z6s. 
doth. 

**T1m simple &ct tiiat a fiMudi edition has been called for b the best testlmeny to Its merits. 
Ko words of praise from us can strengthen the position so well and so steadUy maintauied by this 
wofk. Shr Charles Warren has revised the entire work, and made such additions as were necessary 
to bring: every portion of the contents up to the present di.le."— Broad Arrow. 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool< 
wich. Sixth Edition, crown Svo, cloth, with separate Atlas of 12 P.ates, 125. 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late Georgb Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.C.E. Royal Svo, zu. 
cloth. 

**The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, and It 
would be impossible to consult a better. '—Engineer. 

"Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested the 
subject of many of the intricacies supposed to belong to it. As a guide to the engineer and archi- 
tect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."- ^Mt/'t^t'M^ News, 

Water Storage^ Conveyance and Utilisation. 

WATER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance and Utilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. By Charles Slagg, Water and 
Drainage Engineer, A.M.Inst.C.E., Author of " Sanitary Work in the SmalW r 
Towns, and in Villages," &c. With numerous lUusts. Cr. Svo, 75. 6d. cloth. 

" As a small practical treatise on the water suuplv of towns, and on some applications of 
rater-power, the work is in many respects excellent.' — Engineering. 

" The author has collated the results deduced from the experiments of the most eminent 



authorities, and has presented them in a compact and practical fonn, accompanied by very dear 
and detailed explanations. . . . The apphcation ofv 
carefully and exhaustively."— #Kt/</^r. 



"For anyone who desires to begin the study of hydraulics with a consideration of the practica' 
applications of the science there is no better guide* "—Architects 



xo CROSBY LOCKWOOD ^S* SON^S CATALOGUE. 

Statics, Graphic and Analytic* 

GRAPHIC AND ANALYTIC STATICS Jn their Practical ApplU 
cation io the Treatment of Stresses in Roofst S0lid Girders, Lattice^ Bowstring 
and Suspension Bridges, Braced Iron Arches and Piers, and other Frameworks, 
Bv R. Hudson Graham, C.B. Containing Diagrams and Plates to Scale, 
with numerous Examples, many taken from existing Structures. Specially 
arranged for Class-work in Colleges aUd Universities. Second Edition, Re- 
vised and Enlarged. 8vo, x6s. cloth. 
"Mvy. Graham's book will find a ^lace wherever graphic and analytic statics are used or studied." 

" The work is excellent from a prtctical point of view, and has evidently been prepared with 
much care. The directions for working are ample, and are iUustrated by an abundance of wdl« 
selected examples. It is an excellent text-book for the practical draughtsman." — Atkerueufn, 

Students Text-Booh on Surveying. 

PRACTICAL SURVEYING : A Text-Book for Students pre- 
paring for Examination or for Survey •work in the Colonies. By Georgs 
W. UsiLL, A.M.I.C.E., Author of "The Statistics of the Water Supply of 
Great Britain." With Four Lithographic Plates and upwards of 330 Illustra- 
tions. Second Edition, Revised. Crown 8vo, 75. 6d. cloth. [Just published, 

*' The best forms of instruments are described as to their construction, uses and modrs of 
employment, and there are Innumerable hints on work and equipment such as the author, in his 
experience as surveyor, draughtsman and teacher, has found necessary, and which the student 
in his inexperience will find most serviceable." — EHg^ineer. 

" The latest treatise in the English language on surveying, and we liave no hesitation in say- 

Ing that the student will find it a better guide than any of its predecessors 

I3e-erves to be recognised as the first book which should be put in the bands of a pupil of Civil 
l^gineering, and every gentleman of education who sets out for the Colonies would find it well to 
have a copy. " — A rck itect. 

" A very useful, practical handbook on field practice. Clear, accurate and not too con* 
densed." — yournal 0/ Education, 

Survey Practice. 

AID TO SURVEY PRACTICE, for Reference in Surveying, Level* 
lin^, and Setting-out ; and in Route Surveys of Travellers by Land and Sea, 
With Tables, Illustrations, and Records. By Lewis D'A. Jackson, 
A.M.I.C.E., Author of " Hydraulic Manual," »* Modern Metrology," &c. 
Second Edition, Enlarged. Large crown 8vO| 12s. 6d. cloth. 

** Mr. Jackson has produced a valuable vade-mecutn for the surveyor. We can recommend 
this book as containing an admirable supplement to the teaching of the accomplished surveyor."— 
AtkeHoum. 

" As a text-book we should advise all stirveyors to place tt in thdr libraries, and study well the 
matured instructions afforded in its pages."— Ci^/Zi^ry Gttardian. 

" The author brings to his work a fortunate union of theory and practical exper i ence wliich, 
aided by a clear and lucid style of writing, renders the book a very useful ooib."— Builder, 

'Surveying, Land and Marine. 

LAND AND MARINE SC/i27£y/NG, in Reference to the Pre- 
paration of Plans for Roads and Railways ; Canals, Rivers, Towns' Water 
Supplies ; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. Haskolx<, C.E., Author of *' Bridge and Viaduct Con- 
struction," &c. Second Edition, Revised, with Additions. Large cr. 8vo, 9s. cU 

" This book must prove of great value to the student. We have no hesitation in n commend* 
ing it, feeling assured that it will more than repay a careful staAy. "—Methanical IVorU. 

" A most u .e 'ul and well arranged book for the aid of a student. We can strongly recommend 
It as a carefully-written and valuable text-book. It enjoys a well-deserved repute among surveyors." 
^Builder. 

" This volume cannot fail to prove of the utmost practical utility. It may be safely recommended 
to all students who aspire to become clean and expeirt surveyors."— ilfiMwisg yntrnoL 

TunneUing. 

PR A CTICA L TUNNELLING, Explaining in detail the Setting- 
out of the works, Shaft-sinkingand Heading-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S., 
M.InstC.B. Third Edition, Revised and Extended by D. Kinnear Clar^ 
M.Inst. C.B. Imperial 8vo, with ax Folding Plates and numerous Wood 
Engravings, 30s. cloth. 
*'The estimation in which Mr. Slmms's book on tunnelling has been hdd for over thirty yean 
cannot be more truly expressed than in the words of the late Prof. Rankine : — ' The best source of in- 
formation on the subject of tunnels is Mr.F.W. Simms's work on Practical Tunnelling.' "—ArchittcL 
" It has been regarded from the first a^ a text book of the subject. . • . Mr. Clarke has added 
immensely to the value of the book."— £K^t««r 
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Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 
LEVELLING, Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads; with Mr.TcLFORo's Rules for the 
same. By Frederick W. Simms, F.G.S., M.Inst.C.E. Seventh Edition, with 
the additionof Law's Practical Examples for Setting-oat Railway Curves, and 
Trautwine's Field Practice of Laymg-out Circular Carves. With 7 Plates 
and nomerous WoodcuU, 8vo, 8<. 6d. doth. *«* Trautwimb on Curvet 
may be had separate, 55. 

** The tttst>book oa lereUinir in most of oar englneerinir ichoob and coDeffM."— Jf Mr^Mrr. 
** The publishers have rendered a substantial service to the profession, especially to the youafer 
membera. by brincing out the present edition of Mr. Simms's OMfui wodu"'-£figvi4erlM£, 

Heatf Expansion by. 

EXPANSION OP STRUCTURES BY HEAT. By John 
Kbily, C.E., late of the Indian Public Works and Victorian Railway Depart- 
ments. Crown 8vOr 35. 6d. cloth. 

Summary op Contents. 
Section I. Formulas and Data. 



Section II. Metal Bars. 
Section III. Simple Frames. 
Section IV. Complex Frames and 

Plates. 
Section V. Thermal CoNDUCTrviTY. 



Section VI. Mechanical Forcx oi 

Heat. 
Section VII. Work op Expansion 

and Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 



' The aim the author has set before him, viz., to show the effects of heat upon metalfic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or afchl* 
tect can find but little reliable and comprehensive data in books."— ^M^iU^r. 

" Whoever is concerned to know tne effect of changes of temperature on such stmcturei M 
suspension bridges and the like, could not do better than consult Mr. Kelly's valuable and handy 
exposition of the geometrical principles involved in these changea."— sStotwmm. 

Practical Mathematics. 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors. By Olinthus Gregory, 
LL.D., F.R.A.S., Enlarged by Henry Law. C.£. 4th Edition, carefully 
Revised by J. R. Young, formerly Professor ot Mathematics, Belfut College. 
With 13 Plates, 8vo, £1 is, cloth. 
" The engineer or architect will here find ready to his hand r\iles for solving nearly every math*- 

outtical difficulty that may arise in his practice The rules are in all cases explained hy means of 

examples, in which every step of the process is clearly worked ovX.''^Buiid€r. 

Ona of the most serviceable books for practical mechanics. ... It is an instructive book for 

the student, and a text-book for lum who, having once mastered the subjects it treats of^ need s 

occasionalljr to refresh his memory upon them,"'—BMiUi*t£^ Nrws, 

JSudfaulic Tables 

HYDRA ULIC TABLES, CO-EFFICIENTS, and FORMULA 

for finding the Discharge of Water from Orifices, Notches, Weirs, PipfS, «•<' 

Rivers, With New Formulas, Tables, and General Information on Rainfall, 

Catchment* Basins, Drainage, Sewerage, Water Supply for Towns and Mill 

Power. By John Neville, Civil Engineer, M.R.I.A. Third Ed., carefully 

Revised, with considerable Additions. Numerous Illusts. Cr. 8vo, 145. cloth. 

"Alike valuable to students and engineers iu practice ; its study will prevent the annoyance ot 

avoidable failures, and assist them to select the readiest means of successfully carrying out any 

given work connected with hydraulic engineering."— ^««»/«^ yountal. 

" It is, of all Et^lish books on the subject, the one nearest to completeness. ... From the 
good arrangement of the matter, t!se clear explanations, and abundance of formulae, the carefully 
calculated tables, and, above all, the thorough acquaintance with both theory and constructioBt 
which is displayed from first to l«st, the book will b« found to b« an «cqiiiaiti«m.''— ^ rcMtttt, 

Hydraulics. 

HYDRA ULIC MANUAL. Consisting of Working Tables and 

Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 

Operations. By Lowis D*A. Jackson, Author of •' Aid to Survey Practice," 

" Modem Metrology,'* &c. Fourth Edition, Enlarged. Large cr. 8vo, its, cl. 

'* The author has had a wide experience in hydraulic engineering and has been a careful ob« 

server of the facts which have come under his notice, and from the great mass of material at his 

command he has constructed a manual which may be accepted as a trustworthy guide to this 

branch of the engineer's profession. We can heartily recommend this volume to all who desire to 

*— -^ — uainted with the latest devdopment of this important subject." — ^-'~*— '—•— 

The standard-work in this department of mechnnics."— S^r^/^man. 



be acquainted with the latest devdopment of this important subject."— £>^'n«n'^. 
" The standard- work in this department of mechnnics."— S^r^/^man. 
" The most useful feature of this work is its freedom from what is superannuated, and its 



thorough adoption of rr cent exnerimcnts ; the text is, in fact, in great part a short account of the 
great modem experiments."— A'a/Mrv. 



la CnoSBY LOCKWOOD ^ SO^'S CATALOCVS. 

l>rainage. 

ON THE DRAINAGE OP LANDS, TOWNS AND BUILD^ 
JNGS. By G. D. Dempsky, C.E., Author of "The Practical Railway En- 
gineer," &c. Revised, with large Additions on Recent Practice in 
Drainage Engineering, by D. Kinnear Clark, M.Inst.C.E. Author of 
" Tramways : Their Construction and Working," " A Manual of Rules, Tables, 
and Data tor Mechanical Engioeers," &c. &c. Crown 8vo, 7s. 6d. cloth. 

IJust published, 
** The new matter added to Mr. Dempsev's excellent work Is characterised Sy the comprehen- 
■Ire grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufficient voucher."— 
AtM€futum. 

" As a work on recent practice in drainage engineering, the book is to be commended to all 
who are making that brancn of engineering science their special study." — /roft. 

" A comprehensive manual on drainage engineering, and a useful introduction to the student." 
Suitdinz News. 

Tramways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Heated Water, and Compressed Air ; a Description of the Varieties of Rolling 
Stock ; and ample Details ot Cost and Working Expenses : the Progress 
recently made in Tramway Construction, &c. &c. By D. Kinnear Clark, 
M.Inst.C.E. With over 200 Wood Engravings, and 13 Folding Plates. Two 
Vols., large crown 8vo, 305. cloth. 
** All interested in tramways must refer to k, as aU railway engineers have turned to the author's 

woric ' Raflway Machinery.'"— £n^ne«r. 

" An exhaustive and practical work on tramways, in which the history of this kind of Iocomo> 

tfoa, and a description and cost of the various modes of laying tramways, are to be found.'— 

Sttiidinfr News. 

" The best form of nJls, the best mode of construction, and the best mechanical appliances 

•re so fairly indicated in the work under review, that any engineer about to construct a tramway 

will be enabled at once t* obtain the practical information which will be of most service to him."— 

Athenteum, 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OP 
OBLIQUE ARCHES, By John Hart. Third Edition, with Plates. Im- 
perial 8vo, 85. cloth. 

Curves, Tables for 8etting-out 

TABLES OP TANGENTIAL ANGLES AND MULTIPLES 
for Setting-out Curves from 3 to 200 Radius. By Alexander Bbazeley, 
M.InstC.E. Third Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 35. 6d. 
*' Each table is printed on a small card, which, being placed on the tkeodoHte, leaves the hands 

free to manipulate tne instrument— no small advantage as regards the rapidity of work."— fM^t'M^^r. 
"Very handy ; a man may know that all his day's work must fall on two of these cards, which 

be puts into his own card-case, and leaves the rest behind."— ^iA«M«Mm. 

JEarthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c., of Heights or Depths up to an averat^e 
of 80 feet. By Joseph Broadbbnt, C.E., and Francis Camfin, C.E. Crown 
8vo, 5s. cloth. 

" The way in which accuracy is attained, by a simple division ol each cross section into three 
elements, two in which are constant and one variable, is ingenious." — Athettigum. 

Tunnel Shafts. 

THE CONSTRUCTION OP LARGE TUNNEL SHAPTS : A 
Practical and Theoretical Essay. By J. H. Watson Buck, M.InstC.E., 
Resident Engineer, London and North-western Railway. Illustrated with 
Folding Plates, royal 8vo, 12s. cloth. 

*' Many of the methods given are of extreme practical value to the mason ; and the observations 

on the form of arch, the rules for ordering the stone, and the construction of the templates will be 

found of considerable use. We commend the book to the engineering profession."— Jffttitft'M? A'rw.'. 

" Will be regarded by civil engineers as of the utmost vahie, and calculated to save much tiuM 

and obviate many m\stak!es."—CoUiety Guardiatt, 

Girders, Strength of. 

GRAPHIC TABLE POR PACILTTATING THE COMPUTA. 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimates. By J. H. Watsom 
Buck, M, lostC. E. On a Sheet, t&M. 
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Miver Engineering. 

RIVER BARS: The Causes of their Formation, and their Treats* 
ment by " Induced Tidal Scour; " with a Description of the Successful Ro- 
dnction bv this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng, 
to the Dublin Port and Docks Board. Royal 8vo, 7s. 6a. cloth. 
- We recommend all interested in harbour works — and. indeed, those concerned in the in»> 
provements of rivers s^eserally— to read Mr. Mann's interesting worlc on the treatment of rivoc 

Trusses 

TRUSSES OF WOOD AND IRON, Practical Applications of 
Scunce in Determining the Stresses, Breaking Weights, Safe LoadSfScaHtlings, 
and Details of Construction, with Complete Working Drawings. By William 
Griftiths, Surveyor, Assistant Master, Tranmera School of Science and 
Art. Oblong 8vo, 45. 6d. cloth. 

** rhis handy little book enters so minutely into every detail connected with the construction of 
roof trusses, that no student need be ignorant of tb«u>e matters."— /'roc^t^o/ Enginur* 

Mailway Working, 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents: Their Cause and Prevention; with a Description of Modem Appliances 
and Systems, By Clement E. Stretton, C.E., Vice-President and Con- 
sulting Engineer, Amalgamated Society of Railway Servants. With Illus- 
trations and Coloured Plates. Second Edition, Enlarged. Crown 8vo, 35. td, 
cloth. [Just published, 

**K\>oc!k. for the en^eer, the directors, the managers ; and, in short, aH who wish for infonna> 
tion on railway matters will find a perfect encyclopaedia im ' SaJfe Railway Working.' "•^RmUmM^y 
Rtview. 

" We commend the remarks on railway sipiallingr to all raQway managers, especially where a 
uniform code and practice is advocated." — Htrepath's Railway yournaL 

"The author maybe congratulated on having collected, in a very convenient form, much 
valuable information on the prmcipal questions aflecting the safe working of railways."— /fai/* 
%uay EngiHter. 

Field'Boolc for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON. 
TRA CTOR *S FIELD-BOOK. Consisting of a Series of Tables, with Rules. 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner ; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets ; and Earthwork Tables to 80 feet deep, calciuated for every 6 inches in 
depth. By W. Davis Haskoll, C.B. With numerous Woodcuts. Fourth 
Edition, Enlarged. Crown 8vo, 12s. cloth. 

"The book is very handy ; the separate tables of sines and tangents to every minute will mako 
t useful for many other purposes, the genuine traverse tables existing all the sam9."'—j4tMemeum. 

"Every person engaged in engineering field operations will estimate the unportance of such a 
work and the amount of valuable time which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fulness of those given in this volume."— .Kat/w^y News, 

JEarthworkf Measurement of, , 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, f 

C.E. With numerous Diagrams. Second Edition. i8mo, as. 6d. cloth. 

" A great amount of practical information, very admirably arranged, and available for rougli 
estimates, as well as for the more exact calculations required In the engineer's and contractor's 

Strains in Ironwork* 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. Shbilds, M.Inst.C.Ei 
Second Edition, with 5 Plates. Royal 8vo, 55. cloth. 
"The student cannot find a better little book on this suhiwA."— Engineer, 

Cast Iron and other MettUs^ Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition, including Hqogkinson's Experimental Researches. 8vo, zas. clothi 
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CX DSJWIXCJJBr Og OpermHvt BuUiif 
BjGsoarficPno. Whh 14 Plates, 4U>, 



THS DECCSULTITE PAST OF CIVIL ARCHITECTURE. 
^ Sar WtuzMi OuxMBSs. F JLS. Wiih Ptenait, IDaslrations. Notes, and 
as TtaiinibKju ii -sc Gncas J LijAJj c Ua cc hv Jossra Gwilt, F.SA- Rerised 
udF^=»£k? W.E.:jEK».«i±LaMcKcira£die ABthor. C6Plale^4to, 

THE HOrSE-OirVZX'S ESTIMATOR : or. What wffl it Cost 
K^ I^&Xl Ai^MT. er ficpaar? A Ptke Book adapted to the Use of Unpco- 
»fTSsactsju THec^puci. as weC as frr ^be Azc&ftecssral Sarveyor and Builder. By 
I^^T^ r*- S^Y.'^ AJt T.RA E^sed aad Rerind by Faaaas T. W. Mnxsa, 
XR^S^\. >XsEi xqaerecs ISasfcaiwnt. Fo=nli Editian. Revised. Crown 

COlSrKY AXD SUBURBAN COTTAGES AND VILLAS: 
Kow t.> r.aa aad BaiU Thesa. CootaiTung 3^ Plates, with Iotrodoctioii« 
CWcwT-At ExrlKSUi:>cr:«&. aad Descripcaea cf exh Plate. Bj Jambs W. Bogus, 
Aic^;t<n. Aachor ef ** IXcaoesuc Architecnzre," &c 4toJ los. 6d. cloth. 
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The New Builder's Price Booh, 1891. 

LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1891. A 

Comprehensive Handbook of the Latest Prices and Data for Builders. 

Architects, Engineers and Contractors. Re-constructed, Re-written ana 

Greatly Enlarged. By Fsamcis T. W. Miller. 640 closely-printed pages, 

crown ovo, 45. cloth. IJ^^^ publiihed. 

' This book is a rery useful one, and should find a place in erery English office connected with 
the buildine and engineering ^roftssAoiis."— Industries. 

"This nice Book has oeen set up in new type. . . . Ad rantage has been taken of the 
transformation to add much additional mformation, and the volume is now an excellent book of 
reference." — Architect. 

" In its new and rerised form this Price Book Is what a work of this k'nd should be— compre* 
hensiTe, reliable, well arranged, legible and well b'.uud.' —Bri isH Archiicct. 

** A work of establishea reputation. "—^/A^n<7um. 

** This very useful handbook is well written, exceedingly dear in its explanations and great 
care has evidently been taken to ensure accuracy."— ^l/i;; ning Advertiser 

I>esigning, Metiauring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING AND VALUING ARTIFICERS' WORKS. Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants for Valuation of Labour, and for the Calcula- 
tion of Areas and Solidities. Originally edited by Edward Dobson, Architect. 
With Additions on Mensuration and Construction, and a New Chapter on 
Dilapidations, Repairs, and Contractf, by B. Wyndham Tarn, M.A. Sixth 
Edition, including a Complete Form of a Bill of Quantities. With 8 Plates and 
63 Woodcuts. Crown 8vo, 75. 6d. cloth. 

" Well fulfils the promise of its title-page, and we can thoroughly recommend it to the class 
for whose use it has been compiled. Mr. Tarn's additions and revisions have much increased th« 
osefiilness of the woric, and have especially augmented its value to students." — Enfinetring, 

" This edition will be found tne most complete treatise on the principles of measturuig and 
vmhiing artificers' woric that has yet been published."— ^Ms/<^t>^A''<rwx. 

Pocket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS, Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimate 
ing the parts of a Building collectively. By A. C. Bbaton, Author of 
'* Quantities and Measurements," &c. Fifth Edition. With 53 Woodcuts, 
waistcoat-pocket size, 15. 6d. gilt edges. 

" No builder, architect, surveyor, or valuer should be without his ' Benton,' "— Building;^ Newt, 
" Contains an extraordinary amount of information in daily requisition in 'measuring and 
estimating. Its presence in the pocket will sav3 valuable time and Uouble."— ^Mt/i/$;i^ IVorld, 

DontUdson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
• Specifications and Contracts for Works and Constructions. IllustratMl by 
Precedents of Buildings actually executed by eminent Architects and Bn* 
gineers. Bv Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition, in 
One large Vol., 8vo, with upwards of x,ooo pages of Text, and 33 Plates. 
£1 lis. 6d. cloth. 

"In this work forty-four specifications of executed works are elven. Including the spedfica* 
tlons for parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Roval 
Exchange, by Mr. Tite, M.P. The latter, in particular, is a very complete and remarkaole 
document. It embodies, to a great extent, as Kir. Donaldson mentions, 'the bill of quantities 
with the description of the works.' . . . It is valuable as a record, and more valuable stiU as* 
book of precedents. . . . Suffice it to say that Donaldson's 'Handbook of Specifications' 
must be bought by all architects.*:— ^»i&/<er. 

Bartholomew and Rogers* Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surve^ror, and Builder. With an Essay 

on the Structure and Science of Modern Buildings. Upon the Basis of the 

Work by Alfred Bartholomew, thoroughly Revised, Corrected, and ^eatly 

added to by Frederick Rogers, Architect. Second Edition, Revised, witn 

Additions. With numerous Illustrations, medium 8vo, 15$. cloth. 

" The collection of specifications prepared by Mr. Rogers on the basis of Bartholomew's work 

Is too well known to need any rcc()mnicndation from us. It is one of the bonks with which every 

young architect must be equipped ; fur time has shown that the specifications cannot be set aside 

through any defect in them." — Architect. 
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Hj Sii Eduuhd BECiiBII,Barl.,LL.D.,F.R.A.S., Author of "Clocks ud 
Watcbes. and Bells," &c Second Edilion, Enlaced. Fcap. 8vo, 51. clolh. 

VcntUatian of Buitdings, 

VENTILATION. A Tixt Bopk to iht Practiu of thi AH of 
fcMUaling BMiUiits. WilhaChBpleruponAlrTesIini!. By W. P.Buchah, 
R.e., SsDiur; and VenlilatinK Engineer, Aulboc ol" Plumblne," Ac. Wiih 
i;oIllutlralCaBB. iimo, *!. clolb board*. [Just fuUiihtd, 

The Art of numbing. 

PLUMBING. A Tixt Booh to thi Praclict of Iki Art or Craft of 
III! Plrmbit, xilk Sufptimialary Ckabltts ex Hotac Dtaiivgi, anbodying llu 
l^lat /«/-i.M».«l,. 8t William Paton Buchan, R.P., Sanitary £ngi1ieer 
aad Praciical Plumber. Filth Edition, EnlarEeJ lo 37a pages, and 380 
IlInBlraliona. iimo, 41, cloth boardi. 

Veometrjf for the Architect, Mngineer, etc. 

PRACTICAL GEOMETRY, for tht Archittct, EKgimtr »rti 

Au^r of "The° Science of Building," &c. Se'cond Editioa. With 171 lUu^ 

The Science of Geometry, 

THE GEOMETRY OF COMPASSES: or. Problems Raolnei 

Sy Ikt miri Dacrifilioti of Circla, ard the «» d/ Colourid Diagrami and 
ymbols. BrOLiviRBfRHE. Coloured Plates. Croml Svo, 31. ej. clatb. 



DECO RATIVE ART S, etc 

Woods and Marbles (Imitation of). 

SCHOOL OF PA INTING FOR THE IMITA TION OF WOODS 
AND MARBLES. isT^aghi and Practised by A, R. Vam DBn Bum and P. 
Vah dbh Bubo, Directors ef the Rotterdam Paintinf Institulion. Royd folio, 
I3( by III in., Illustrated with 24 full-size Coloared Plales; abo 11 ^ain 
Platsi, eompiuing 1 M Flcoies. Second aadCfaeaperEdititia. Mcafi iit.is^ 
LUtafPlala. 
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Souse l>eearatian. 

ELEMENTARY DECORATION. A Guide to the Simpler 
Forms of Everyday Art, as applied to the Interior and Exterior Decoration of 
Dwelling Houses, Ac. By Jambs W. Facky, Jun. With 66 Cats. i2mo, u. 
cloth limp. 

PRACTICAL HOUSE DECORATION : A Guide to the Art of 
Ornamental Painting, the Arrangement of Colours in Apartments, and the 

frinciples of Decorative Design. With som<9 Remarks npon the Nature and 
Properties of Pigments. By James William Facey, Author of ** Elementary 
Decoration,'* &c. With numerous lUustratioas. xamo, 25. 6J. cloth limp. 

N.B.—Tlu above Two Works together in One Vol,, strongly half-bound, 51. 

Colaur» 

A GRAMMAR OF COLOURING. Applied to Decorative 
Painting and the Arts. Bv Gbobob Field. New Edition, Revised, Enlarge d, 
and adapted to the use ot the Ornamental Painter and Designer. Hy Ellis 
A. Davidson. With New Coloured Diagrams and Engravings. lamo, 3s. Cd, 
cloth boards. 
**Tlie l>ook is a most usefiil resunu of die properties of p\gmcoXi.''—Butleltr, 

House Painting, Graining, etc. 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
K^i^/T/JVG, A Practical Manual of. By Ellis A. Davidson. Fifth Edition. 
With Coloured Plates and Wood Engravings, izmo, 6s. cloih boards. 

** A mass of information, of use to the amateur and of value to the practical man." — English 
Mtckanie. 

"Simply iuTaluable to the yomigster enterini; upon this particular calling, and h^hly service* 
iMe to the man who is practisintr \i^— Furniture Qatettt, 

lyeeoratorSf Receipts for. 

THE DECORATOR'S ASSISTANT: A Modem Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Fourth Edition, Revised. 152 pp., crown 8vo, 15. in wrapper. 
** FuU of receipts of value to decorators, painters, gilders. &c. The book contains the gist of 

laryer treatises on colour and technical processes. It would be dLBScxilt to meet with a work so full 

of varied information on the painter's art."— -^mi/</i;/^ AVwjv 

" We recommend the work to all who, whether for pleasure or profit, require a guide to decora* 

ikm." — Plufnbtr and Decorator, 

Moyr Smith on InteHor Decoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. Moyr Smith. Super-royal 8vo, with 32 full-page Plates and numerous 
smaller Illustrations, handsomely bound in cloth, gilt top, price 185. 

" The book is well illustrated and handsomely got up, and contains some true cridcism and a 
good many good examples of decorative treatment. —TVc^ Builder. 

" This is the most elaborate and beautiful work on the artistic decoration of interiors that we 
h^veseen. . . . The scrolls, panels and other designs from the author's own pen are very 
beautiful and chaste : but he takes care that the designs of other men shall figure even more thar 
his own."— Liver^oi Albion. 

" To all who take an interest in elaborate domestic ornament this handsome volume will be 
welcome." — Graphic. 

Uritish and Foreign Marbles. 

MARBLE DECORATION and the Terminology of British and 
Foreign Marbles. A Handbook for Students. By Georgb H. Blagrovb, 
Author of " Shoring and its Application," &c. With 28 Illustrations. Crown 
8vo, 35. 6d. cloth. 

** Th^ most useful and much wanted handbook should be in the hands of every architect and 
trnfUer:'— Building IForld. 

•• It is an excellent manual for students, and interesting to artistic readers generally. "—5'a/Mr«P'dtj' 
Review. 

" A carefully and usefully written treatise ; the work is essentially practical."— %S<o/:rxwai». 

Marble Working^ etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 

Architects, Artists, Masons and Students. By Arthur Lee, Author of " A 

Visit to Carrara," •' The Working of Marble," &c. Small crown 8vo, 2S. cloth . 

** A really valuable additioato the technical literature oi archi.ects and tat»ioai."—Bitiidii*£ 

Newt, 

€ 
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EXAJfPLES OP MODERN ALPHABE TS, fEwi iB i^ OruamaUl: 
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wich. aevKal Onpsal Desbcssl a»2 zk AaaTfSS of tbe Uam Am *a d Old Kngish 

Cculecsed aod Ecjcrared by F. I>cLjiJtaTTB« 

aad Cbeaper Edidcti. Rcyal tT3» of i iinnft , «. 6i. oraJBimi jI 

tbcSsTBcd. aoif tac auesc mock 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
KATORS. Bj F. G^ DcLftvom;. ContaiBiiis si Plales and nhmrinatrf 
Title, pciated in G<kd and Coloaiv With an Introdnctioa by T. Wnxu 
Baoocs. Focrdi and Cheaper F4iitinM. SmaD 410^ 4s. omamwrtal boards. 

THE EMBROIDERER'S BOOK OP DESIGN Containing 
InitfaK EmUems, Cypbers, IfonoBams, Qroamental Borden, Ecclesiastical 
Devices, Mediaeral and Modem Alphabets, and Kadonal EinblaD& Col- 
lected by F. DKuuf orrz, and printed in Coloma. Oblonc ivjal 9n, u. 6d. 
omameDtal wrapper. 
" T^bo ok wa be of great agioaee to hdte «nd jb— g cMawHawhowt tmOumid with the 



Wood {Jarring. 

INSTRUCTIONS IN WOODXARVING, for Awutiimrs: with 
Hints on Deugn. By A Laot. With Ten Plates. New and Cheaper Edition. 
Crown 8vo, ss. in emblematic wiapper. 
"ThekuKficnftof tbewood<anrci;*o«cBasa book cam loqMit 1^ m^ bs iMnft ftoai ' A 



' Hw duec&tm gtrea are pbm sad coa^f nadentood.*— ffvKiA Mtdkente, 

Qlass Painting. 

GLASS STAINING AND THE ART OP PAINTING ON 
GLASS, From the Goman of Dr. Gkssekt and Em anubl Otto Fkombbro. 
With an Appendix on Tns Aax or Bmambtaiwo. xamo, as. 6d. cloth limp. 

Letter Painting. 

THE ART OP LETTER PAINTING MADE EASY. By 
Jamcs Grsio Badsmocb. With xa fnll-page EngraTinga (rf g*«mpio«, xt. d, 
cloth limp. 



"The nrftUrm i« a simple ore. but qolte oi1gfii«|, and weH votth Iha ctfclM nn i atll" dl letMt 
falnt0n, it can be eaaUy mastered a&d ttnumbsred."— ^«tfM«' AinN^ 



CAltPEI^TkV, TtMBEk, eU. tg 



OABP ENTRY, TIMBER , eto. 
TredQcld's Carpentry ^ Revised db Enlarged by Tarrw 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
ATrafttiteoB the Pressure and Equilibrium of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arclies, Bridges, Roofs, 
Unitinc Iron and Stone with Timber, fte. To which is added an Essay 
on the Katnre and Properties of Timber, ftc» with Descriptions of the kinds 
of Wood naed in Building ; also numerous Tables of the Scantlings of Tim- 
ber far difbrent purposes, the Specific Gravities of Materials, &c. By Thomas 
TsKDOOLD, C.B. With an Appendix ef Specimens of Various Roots of Iron 
and Stone, Illustrated. Seventh Edition, thoroughly revised and considerably 
cnfaureed by E. Wymdham Tarn. M.A., Author of "The Science of Build- 
ins;'' ftc. With 6i Plates. Portrait of the Author, and several WoodcuU. In 
one large toI., 4to, price £i 5s. cloth. 
"Oofbt to be fai avefy architect's and every builder's Bbrsnr."— ^w£U^. 

^^ A wofic whose momunental excellence must commend it wherever skilful carpentry h con* 

caned. Tbe author's principles are rather confirmed than impaired by time. The addiiiuual 
platas ate of great intrinsic rzkum'—Builduig^ New*, 

WooduHyrking Machinery, 

WOODWORKING MACHINERY : Its Rise, Proeress, and Con- 
stmcHtm, With Hints on the Management of Saw Mills and the Economical 
Conversion of Timber. Illustrated with Examples oi Recent Designs by 
leading EngllstK French, and American Engineers. By M. Powis Bale, 
A.M.lntt.CB.,M;.I.M.B. Large crown 8vo, lu. 6d, cloth. 
**Mr. Bkle is eridently an expert on the subject and he has collected so much Information that 

febbook is aU-snfficient for builders and others en^afed in the conversion of timber."— j4rcAi/tct. 
"The most comprehensive compendium of wood-working mai^inery we tiave seen. The 

r Is a thoroash master of his taoiecV— Building News, 
**The appearance of this boolc at the present time wilL we should think, give a considerable 
elos to Cbe onward march of tha machinist enj^aged tn the desij^ning and manufacture of 

«6bd>wioskiii{£ machinss. It should be in the office of every wood-worlcmg factory."— J7^/<rA 

Bow Mitts. 

SA W MILLS : Their Arrangement and Management, and the 

Economical Conversion of Timber. (A Companion Volume to " Woodworking 
Machinery.") By M. Powis Balb. With numerous Illustrations. Crown 
8vo, xos. €d. cloth. 

" The admtnistration of a large sawing establishment is discussed, and the subject examined 

1 a financial standpoint. Hence the size, shape, order, and disposition of sawmills and the 

are gone Into in detail, and the course of the timber is traced from its reception to its 

delivery m itt conveited state. We could not desire a more complete or practical treatise."— 

Builder, 

"We highly recommend Mr. Bale's work to the attention and perusal of all those who are en* 

gaged in the art of wood conversion, or who are about building or remodelling saw-mills on faa 

proved principles."— J?»i/i/(>V Newt, 

Carpentering. 

THE CARPENTER'S NEW GUIDE: or, Bookof Lines for Car- 
penters : comprising all the Elementary Principles essential for acquiring a 
Knowledge of Carpentry. Founded on the late Peter Nicholson's Standard 
Work. A New Edition, Revised by Arthur Ashpitbl, F.S.A. Together 
with Practical Rules on Drawing, by Gborqx Pymb. With 74 Plates, 
4to, £1 IS. cloth. ^ 

Mandrailing and 8tairhuilding» 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods for Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing>up, and Squaring the Wreath. By Gborob 
C0LLIMG8. Second Edition, Revised and Enlarged^ to which is added A 
Treatise om Stairbuildimq. With Plates and Diagrams. lamo, 2s. 6^. 
cloth limp. [ynst published, 

" Will be found of practical utility In the execution of this difficult branch of joinery."— i?»#»/rf<r. 

** Almost every difncult phase of this somewhat intricate brand! of joinery is elucidated by the. 
aid of plates and ex^anatory letterpress."— vFMmtrwnr GoMette, 

Cfircula^ JVorh. 

CIR^^LAR WORK IN CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By 
Gborob Collings, Author of " A Practical Treatise on Handrailing." Illus- 
trated with numerous Diagrams. Second Edition, xamo, 2s. td, cloth limp. 
" An excellent example of what a book of this kind should be. Cheap in price, dear in defint* 
tloa and practical in the examples sA9Kto±,"^ltuiUbir% 



20 CROSBV LodklVddb &- 3d^ '5 dATALoCUB. ^^ 

ntnber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM* 
PAN ION. Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, of all sizes, from One to a Thousand ' 
Pieces, and the relative Price that each size bears per Lineal Foot to any 

given Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
quare Timber to any given Price per Load of 50 Feet ; the proportionate 
Value oi Deals and Battens by the Standard^ to Square Timber by the Load 
of 50 Feet; the readiest mode of ascertainmg the Price of Scantling per 
Lineal Foot of any size, to any^given Figure per Cube Foot, &c. &c. By 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. cf. 
** Everythin; is as concise and clear as It can possibly be made. There can be no doubt that 

every timber merchant and builder oueht to [>ossess it" — Ifu// Advertiser. 

" We are glad to see a fourth edition of these admirable tables, which for correctness and 

timplicity of arrangement leave nothing to be desired." — Timber Treuies youmaL 

" An exceedingly well-arranged, clear, and concise manual of tables for the use of aD who buy 

or seU timber."— y««r«a/ ^ forestry. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, Being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., comprising 
useful Tables for all purposes connected with the Timber Trade, Marks ot 
Wood, Essay on the Strength of Timber, Remarks on the Growth of Timber, 
&c. By W. Richardson. Fcap. 8vo, 3s. 6d. cloth. 
** This handy manual contains much Suable information for tiie tise of timber merchant^ 

builders, foresters, and all others connected with the growth, sale, and manufacture of tiinber. '•• 

y0Hmal ^ Forestry. 

Timber Freight Book. 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson, Timber Broker; together with a Chapter on "Speeds of Saw 
Mill Machinery," by M. Powis Bale, M.LM.E., &c. i2mo, 3s. 6d. cl. boards. 
" A very useful manual of rules, tables, and memoranda relating to the timber trade. We re« 

commend it as a compendium of calculation to all timber measurers and merchants, and as supply- 

Ing a real want in the trade." — Building^ News. 

Packing-Case Makers^ Tables for. 

PACKING-CASE TABLES ; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Second Edition. Oblong 4to, 3J. 6<i. cl. 

" Invaluable labour-saving tables." — Ironmofiger, 
"Will save much labour and calculation." — Grocer, 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from t to 200 inches in length, by i to zo8 
inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 
Merchants, Buildera» &c. By James Hawkinqs. Third Sdition. Fcap.i 
3s. 6d. cloth. 
" A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of any 
■orface of which the limits have been ascertained can be instantly determined. The Ixxdc will bo 
found of the greatest utility to all engaged in building operations." — Scotsman. 

" These tables will be found of great assistance to all who require to make calcalations In super. 
ficial measurement."— if y^/tjA Medtanic. 

Iforestry. 

THE ELEMENTS OF FORESTRY. Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F.B. 
Hough. Large crown 8vo, xos. cloth. 

Titnber Im^porter^s Chuide. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S AND 
BUILDER'S STANDARD GUIDE. By Richard E. Grandt. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparativo 
Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer aad 
Builder. Thu-d Edition, Revised, xamo, zs. cloth limp. 

" Everything it pretends to be : built up gradually, it leads one from a forest to a traenall and 
frmirv m, as a muceweight, a host of tnaterial coocernii^ bricks, coliimn% ' ------ 



MARINE ENGINEERING, NAVIGATION, He. at 

MARINE ENQINEERING, NAVIGATION, etc. 
Chain Cables. 



CHAIN CABLES AND CHAINS. Comprising Sizes and 




Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
Lift of Manufacturers of Cables, &c. &c. Bv Troicas W. Traill, F.E.R. N., 
M. Inst. C.E., Engineer Surveyor in Chief, Board of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With nomerous 
Tables, Illustrations and Lithographic Drawings. Folio, £2 as. cloth, 
bevelled boards. 

" It contains a rast amount of ralaable information. Nothing seems to be wanting to make it 
a complete and standard work of reference on the subject."— W«M/Ma/ Magcuthu, 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatiu 
Off). By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with 
considerable Additions by the Author and by Gkorgk Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpeol. lamo, 5s. cloth boards. 
" Well adapted to g^ive the young steamship engineer or marine engine and boQer maker a 

al Introduction into his practical yforlf.."—Afe(haHieai IVorld. 
" We feel sure that this thoroughly revised edition will continue to be as popular in the ftitura 
as it has been in the past, as, for its size, it contains more useful information than any similar 
treatise."— /mfKX/H^. 

" As a compendious and useful guide to engineers of our mercantile and royal naval services 
we should say it cannot be surpass^." — Building News. 

The ioibrmation given is both sound and sensible, and well qualified to direct ynong sea- 
going hands on the straight road to the extra chief's certificate. Most useful to survesors, 
mspectors, draughtsmen, and all young engineers who take an interest in their profession."— 

Glasgow Herald, 
'I An indiipensable man u al for the student of marine engineering."— Z,^vf ^00/ Mercury. 

^oehet'Bookfor Naval Architects and Shipbuilders* 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula, Rules, and Tables,aad MARINE ENGINEER*S 
AND SURVEYOR'S Handy Booh 0/ Reference. By Clbmbnt Mackrow, 
Member of the Institution of Naval Architects, Navsu Draughtsman. Fourth 
Edition, Revised. With numerous Diagrams, &c. Fcap., 12s. 6d, strongly 
bound in leather. 

"Should be used by all who are engaged In the construction or design of vessels. . . . Win 
t>e found to contain the most useful tables and formulae required by shipbuilders, carefufly collected 



firom the best authorities, acd put together in a popular and simple {oiin."—liHgineer. 
" The professional shipbuilder has now, in a convenient and accessible form, relii 
Saving many of the numerous problems that present themselves in the course of his work."— /rwt. 



"There is scarcely a subject on which a naval architect or shipl-vuilder can require to refresh 
bis memory which iriJl not be found within the covers o( Mr. Mackrow's yxxk."— English Mechanic, 

Jfocket-Boohfor Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR^ 
MULjB for marine ENGINEERS. By Frank Proctor, A.I.N.A. 
Third Edition. Royal samo, leather, gilt edges, with strap, 45. 

"We recommend it to our readers as going far to supply a long-felt yrant.*'—NatMtl Scienct. 

"A most useful companion to all marine eagineers."— united Service Geuette. 

Introduction to Marine Engineering, 

ELEMENTARY ENGINEERING : A Manual for Young Marine 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management of 
Marine Engines and Boilers, Geometry, &c. &c. With an Appendix of Useful 
Tables. By John Sherren Brewer, Government Marine Surveyor, Hong- 
kong. Smallcrown 8vo, 2s. clotb. 

" Contains mxch valuable information for the class for whom it is intended, especUIly in the 
chapters on the management of boilers and eng tits."— Nautical Mapatine. 

" A useful introduction to the more elaborate text \iooVs."—Srotsman. 

" To a student who his the requisite desire and resolve to attain a thorough knowledge. Mr. 
Brewer offers decidedly useful help.''— Aihenaunt, 

Navigation, 

PRACTICAL NAVIGATION, Consisting of The Sailor's 
Sea-Book, by James Greenwood and W. H. Rosserj together with the 
requisite Mathematical and Nautical Tables for the Workmg of the Problems, 
by Henry Law, C.E., and Professor J. R, Younq. Illustrated, xamo, 7s, 
Strongly half-boupd. 
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MINING AND METALLURGY. > 



Metalliferous Mining in the United Kingdom.\ 

BRITISH MINING : A Treatise on the History, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mina in the United King* 
dom. Bv Robert Hunt, F.R.S., Keeper of Minine Records ; E<iitor of 
" Ure's Dictionary of Arts, Manufactures, and Mines,'^ &c. Upwards of 950 
pp., with 330 Illustrations. Second Edition, Revised. Super-royal 8v0t 
■£2 25. cloth. 

" Ona of the most raluabte woilcs of reference of modem timet. Mr. Hunt, as keeper of ndnlng 
tecords of the United Kingdom, has had opportunities for such a task not enjoyed by anyone els^ 
and has evidently made the most of them. . . . The language and style adopted are good, and 
the treatment of the various subjects laborious, conscientious, and sc\t.nX3&c."—EngiHtertnjr. 

"The book is, in fact, a treasure-house of statistical information on mininsr subjects, and we 
know of no other work embodying so great a mass of matter of this kind. Were this the only 
merit ef Mr. Hunt s volume, it would Be sufficient to render it indispensable in this library of 
everyone interested in the development of the mining and metallurgical mdustrles of this country." 
—Athenttutn, 

"A mass of information not elsewhere available, and of the greatest value to those who may 
be Interested in our great mineral indi\xsXx\ei."— Engineer, 

" A sound, business-like collection of interesting facts. . . . Tlie amount of Informatioa 
Mr. Hunt has brought together is enormous. . . . The volvme appears likely to convey vaatm 
instruction upon the subject than any work hitherto published."— ilfmi;^' yeurnak 

Colliery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the Laying-out and Working of Collieries, Designed as 
a Book of Reference for Colliery Managers, and for the Use of Coal-Mining 
Students preparing for First-class Certificates. By Caleb Pamely, Mining 
Engineer and Surveyor; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Insti- 
tute of Mining £n|;ineers. With nearly 500 Plans, DiagramSi and other 
Illustrations. Medium 8vo, about Coo pages. Price £1 5s. strongly bound. 

[Just ready. 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OP THE UNITED 
KINGDOM. Comprising a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses of each Variety ; and a History of 
the Rise and Progress of Pig Iron Manufacture. By Richard Meade, Assistant 
Keeper oi Mining Records. With Maps. 8vo, £1 8s. cloth. 
" The book is one which must find a place on the shelves of all Interested In coal and faroQ 

production, and in the iron, steel, and other metallurgical induatxies."~-£ngineer, 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. 

... A book of reference which no one engaged in the iron or coal trades should omit from hie 

library."— /rtf» and Coal Trades Review, 

Prospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
spector and Traveller in Search of Metal-Bearing or other Valuable Minerals. 
By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New 
Caledonia." Fifth Edition, thoroughly Revised and Enlarged. Small 
crown 8vo, 3s. 6d. cloth. 

" Will supply a much felt want, especially among Coloidsts, in whose way are so often thrown 
many mineralogical specimens the value of which it Is difficult to determine."— ^*r(^>i<rr. 

" How to find commercial minerals, and how to identify them when they are found, aie the 
leading points to which attention is directed. The author has managed to pack a ; much practical 
detail mto his pages as would supply material for a book three times its size."— if/nin^ journal. 

Mining Notes and Fomiulce. 

NOTES AND FORMULAE FOR MINING STUDENTS. By 
John Herman Merivalb, M.A., Certificated Colliery Manager, Professor of 
Mining in the Durham College of Science, Newcastle-upon-Tyne. Third 
Edition, Revised and Enlarged. Small crown 8vo, zs, 6d. clom. [Just published, 
" Invaluable to anyone who is working up for an examination on mining subJects.'^C«a/ and 

Iron Trades Review. 

*• The author has done his work In an exceedingly creditable manner, and has produced a book 

that will be of service to students, and those who are practically engaged in mining operations."— 

Engineer. 

" A vast amount of technical matter of the utmost value to mUung engineers. «nd of 
able interest to students. "-vSf/iw/maj/W. 
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Explosives, 

A HANDBOOK ON MODERN EXPLOSIVES, Being a 
Practical Treatise on the Manufacture and Application of Dynamite, Gun- 
CottOD, Nitro-Glycerine and other Explosive Compounds. Including the 
Mami&LCtttre of Collodion-Cotton. By M. Eisslkr, Mining Engineer and 
Metallurgical Chemist, Author of ''The Metallurgy of Gol t," "The 
MetaUiirgy of Silver,'* &c. With about 100 Illustrations. Crown 8vo, 
los. 6rf. cloth* [Just published. 

Useful not only to the miner, but also to oflScers of both services to whom blasting and tlM 

Bse of expAosiTM generalhr may at any time become a necessary auxiliary."— Aa/wrr. 

** A TciitaMo mine of mfonnation on the subject of expiobivcs enipiuyed for military, mining 

and blasting purposes."— ^rmy and Navy Gaxelte. 

** The tM>ok IS dearlv written. Taken as a whole, we consider it an excellent little book and 

ons that should be found of great senrice to minors an J otlierii who are engaged in work requiring 

the use (^esplosiTes." — Alheruntm. 

Gold, Metallurgy of. 

THE METALLURGY OF GOLD: A Practical Treatise on the 
Metallurgical' Treatment of Gold-bearing Ores, Including the Processes of 
Concentration and Chlorination, and the Assaying. Melting and Refining of 
Gold. By M. Eisslkr, Mining Engineer and Metallurgical Chemist, formerly 
Assistant Assaver of the U. S. Mint, San Francisco. Third Edition, Revised 
and greatly Enlarged* With 187 Illustrations. Crown 8vo, 12s. 6d. cloth. 

[Just published, 
*' Thb book thoroa|;Uy deserves its title of a * Practical Treatise.' The whole process of gold 
inTinng; from the breakmg of the quartz to the assay of the bullion, is described in clear and 
order^narratiTe and with much, but not too much, fulness of detaiL" — Saturday Review. 

** The work is a storehouse of information and valuable data, and we strongly recommend it to 
•n professional men engaged in the gold-mining industry."— A/t/^t/i;^ JournoL 

Silver, Metallurgy of, 

THE METALLURGY OF SILVER : A Practical Treatise on th$ 
Amal^amatioHt Roasting and Lixiviation of Silver Ores. Including the 
Assaying, Melting and Refining of Silver Bullion. By M. Eissler, Author 
of **The Metallurgy of Gold.'' With 124 Illustrations. Crown Bvo, xos. 6d, 
cloth. 
" A practical treatise, and a technical work which we are convinced win supplv a long-felt want 

amongst practical men, and at the same time be of value to students and others mdiiectly connected 

with tne uidustries."-'^tNtM,f youmal. 

" From first to last the book is thoroughly sound and reliable."— C(7//f^ry Guardian, 

" For chemists, practical miners, assayers and investors alikn, we do not know of any work 

on the subject so handy and yet so comprehensive."— C/aj-,^<7n/ HeraUU 

Silver-Lead, Metallurgy of. 

THE METALLURGY OF ARGENTIFEROUS LEAD ORES: 
A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Illustrated with Plans and Sections of Smelting Furnaces 
and Plant in Europe and America. By M. Eissler, Author of "The Me- 
tallurgy of Gold," •♦ The Metallurgy of Silver," &c. Cr. 8vo. [In the press. 

Metalliferous Minerals -and Mining. 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S., Mining Engineer, &c.. Author of "A 
Treatise on Slate and Slate Quarrying." Illustrated with numerous Wood 
Engravings. Fourth Edition, carefully Revised. Crown Bvo, 125. 6d, cloth. 
" Neither the practical miner nor the general reader interested in mines can have a l}etter book 
for his companion and his guide."— iW»«wi^ yournal, 

*' We are doing our readers a service m calling their attention to this valuable work "— 

Mining World, 
" A book that will not only be useful to the geologist, the practical miner, and tne metallurgist, 
but also very interesting to the general public."— /rtw. 

" As a history of the present state of mining throughout the world this l)Ook has a real valut, 
and it supplies an actual ynxiX,."^Athenaum. 

Karthy Minerals and Mining* 

A TREATISE ON EARTHY 6* OTHER MINERALS AND 
MINING, By D. C. Davies, F.G.S. Uniform with, and forming a Com- 
panion Volume to, the same Author's " Metalliferous Minerals and Mining." 
With 76 Wood Engravings. Second Edition. Crown 8vo, 125. 6d. cloth. 
"We do not remember to have met with any English work on mining matters that contains 
fhe same amount of information packed in equally convenient (orm."— A cadefny. 

•' We should be hiclined to rank it as among the very best of the handy technical and trades 

manu^ which have recently app€are4i"—-tf'1^wA Q**artiriy Review, 
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Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, comprising a Treatise on Improved Mining Surv^ing and the Valuo' 
Hon of Mining Properties^ with New Traverse Tables, By Wm. Lintbrn, 
Mining and Civil Engineer. Third Edition, with an Appendix on ** Magnetic 
and Angular Surveying," with Records of the P«caliarities of Needle Dis- 
turbances. With Four Plates of Diagrams, Plans, &c. lamo, 45. cloth. 

hust published, 
" Mr. Lintem's book fonns a Taloable and thoroasfaly tmstworthy gulde?^— yr«» and Coal 

tirades Review. 

" This new edition must be of the highest vahie to colBery snrreyors, proprietois and mana- 

gen." — Colliery Guardian. 

Asbestos and its Uses. 

ASBESTOS : Its Properties, Occurrence and Uses, With some 
Account of the Mines of Italy and Canada. By Robert H. Jones. With 
Eight Collotype Plates and other Illustrations. Crown 8vo, 125. 6d. cloth. 

[Just published, 

" An interesting' and invalpable work." — Colliery Guardian, 

" We couns'l our readers to get this exceedingly interesting work for themsetres ; they will 
find in it moch that is suggestive, and a great deal that is ofimmediate uid practical usefulness."" 
Builder. 

" A valuable addition to the architect's and enginev's library."— ^msA^'mj^ News, 

Underground Pumping Machinery* 

MINE DRAINAGE, Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stephen 
MiCHELL. 8vo, 15s. cloth. 
"Will be highly esteemed by colliery owners and lessee9» mfaibiif engineen; and students 

leoeraQy who require to be acquainted with the best means of securing the draiioge of mines. It 

B a most valuable work, and stands almost alone in the literature of steam pumping madiinery."— • 

CMiery Guardian. 

" Much valuable information is given, so thai: the book is thoroughly wordiy of an eztenslv* 

circulation amongst practic^ men and purchasers of machinery."— Aftwti^ ^ournai. 

Mining Tools. 

A MANUAL OP MINING TOOLS. For the Use of Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines, xsmo, 25. 6d, cloth limp. 

ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 4s. 6d. cloth. 
"Students in the science of mining, and overmen, captains, managers, aiid viewers may gain 

practical knowledge and useful hints by the study of Mr. Morgans' manual . '^■Colliery Guardian. . 
"A valuable work, which will tend materially to improve our mining literature."— jif«*iuv 

youmaL 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary TreaUse on. By 
the late Sir Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector of the 
Mines oi the Crown. Seventh Edition, Revised and Enlarged. With 
rumerous Illustrations. lamo, 4s. cloth boards. {Justpuhltsnd, 

" As an outline is given of every known coal-field In this and other countries, as weU as of the 

E*ncipal methods of working, the book will doubtless interest a very large number of readers."— 
iHin£ youmetl. 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Few wick, 
Surveyor of Mines, and Thomas Baker, C.E. Illust xamo, 3s. cloth boards. 

Granite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES, By 
George F. Harris, F.G.S., Membre de la Soci6t£ Beige de G^ologte, Lee 
turer on Economic Geology at the Birkbeck Institation, &c. With Illustra- 
tions. Crown 8vo, 2s. 6d. cloth. 
"A clearly and well- written manual ior persons engaged or hiterested In the granite industry.* 

^Siof:t»aH. 

"An interesting work, whirh will be deservedly esteemed. "—C«//^^ Guardian. 
"An exceed iogly intt resting and valuable monograph on a subfect wmch has hitherto receive^ 
— itAtljr little attention in the sha\>e ot s^{sx«(^v\^^Xfti(^)icY xi^iva!^i,"-=-$cottvh l^todett 
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ELECTRICITY, ELECTRICAL ENG INEERING, etc. 

Electrical Engineering* 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OF 
MODERN RULES, FORMULA^. TABLES AND DATA. By H. R. 
Kemps, M.Inst.E.E., A.M.Inst C.E., Technical Officer Postal Telegraphs, 
Author of "A Handbook.of Electrical Testing," &c. With numerous lilus- 
tratioDS, royal 32010, oblong, ss. leather. IJ**'^ published. 

" There is very little in the shape of fdrmube or data which the electrician is likely to want 
io a huiry which cannot be found in its paijes." — Practical Eng^netr. 

"A very useful book of reference for daily use in practical electrical engineering and its 
vaiious appucatiuns to the industries of the present day." — Iron. 

" It is the best book of its kind."— /''Uc/rical Enginrtr. 

" We 1 arranged and compact. The Electrical Engineer's Pocket- Book is a good one.'^ 
Elecfriciatt. 

' Strongly recommended to those engaged in the various electrical industries."— fArr/rt^ra/ 
Unnew. 

Electric Lighting, 

ELECTRIC LIGHT FITTING : A Handbook for Working 
Electrical Engineers, embodying Practical Notes on Installation Manage- 
ment. By John W. Urquhart, Electrician, Author of " Electric Light,*' &c. 
With numerous Illustrations, crown 8vo, 5s. cloth. IJ^st published. 

"This Tolume deals with what may be termed the mechanics of electric lighting:, and is 

a'idressed to m >n who are alreadv engag^ed in the work or are trainings for it. The work traverses 

a erent dtal of ground, and may be read as a sequel to the same author's useful work on ' Electric 

Ljght.' "—Electrician. 

" This is an attempt to stats in the simplest language the precautions which should be adopted 

io instal ing the electric li^ht, and to e ve information, for the (guidance of those who have to run 

the plant when installed. The book is well worth the perusal of the workmen for whom it is 

w.itten." — EUctrical Reinetv. 

* £min»nily practical and useful. . . . Ought to be in the hands of everyone in charge of 

an electric light pXasA."— Electrical Engineer. 

" Altogether Mr. Urquhart lias succeeded in producing a really capital book, which we have 

pn h<!sitaiicn in recommending to the nouce of working electricians ana electrical engineers. — 

Me hantcal H'orld. 

Electric lAghU 

ELECTRIC LIGHT : Its Production and Use, Embodying Plain 
Directions for the Treatoimt cf Dynamo-Electric Machines, Batteries. 
Accumulators, and Electiic Lamps. By J. W. Urquhart, C.E., Author of 
•• Electric Li^ht Fittine." "Electroplating," &c. Fourth Edition, carefully 
Revised, with Large Additions and 145 Iliustiaticns. Crown 8vo, 75. 6J. cloth. 

[Just published, 
" The book !s by far the best that we have ^et met with on the subject."— A thenetum, 
"It is the only work at present available which g\ves, in language mtelligible for the most part 

to the ordinary reader, a general but concise historv of the means which have been adopted up to 

the present time in producing: the electric Wght."— Metropolitan. 

"The book contains a general account of the means adopted in producing the electric lights 

not only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric 

machine in several of its forms." — Colliery Gtutrdian, 

Construction of Dynamos, 

DYNAMO CONSTRUCTION : A Practical Handbook for the Use 
of Engineer Constructors and Electricians in Charge. With Examples of 
leading English, Ameiican and Continental Dynamos and Motors. By J. W. 
Urquhart, Author of "Electric Light,'* "Electric Light Fitting," &c. 
Crown 8vo. lln tfte pfH-i, 

Text Book of Electricity, 

THE STUDENTS TEXT-BOOK OP ELECTRICITY, B> 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, carefully Revised. 
With an Introduction and Additional Chapters, by W. H. Prekck, M.I.C.E., 
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra- 
tions. Crown 8vo, 12s. 6d. cloth. 

" The original plan of this book has been carefully adhered to so as to make It a reflex of the 
existing state of electrical science, adapted for students. . . . Discovery seems to have pro> 
gressed with marvellous strides ; nevertheless it has now apparently ceased, and practicsd applies 
tions have commenced their career : and it is to give a faithful account of these that this fresh 
edition of Dr. Noad's valuable text^book is launched tow^"—Extract/rom Introdtidum by W. U, 
Preece, Esq. 

" We can recommend Dr. Noad's book for clear style, great range of subject, a good index 
%nd a plethora of woodcuts. Such collections as the present are indispensable. — /ttAenteutn. 

"An admirable text boglf iQV every studcnj — begiiiner or aavanced — of electricity."* 
^fig^inecrinj^, 



86 CROSBY LOCKWOOD ^ SON'S CATALOGUE. 



EHectrie Lighting* 

THE ELEMENTARY PRINCIPLES OP ELECTRIC UGHT^ 
JNG. By Alan A. Campbell Swintom, Associate I.E.E. Second E^BtioBi 
Enlarged and Revised. With x6 Illustrations. Crown 8vo, is. 6d, cloth. 
"Anyone who desires a short and thoroaghly clear ezposlHoii ci the elementaiy principles of 
rf ectri c-lighting cannot do better tlaan read this little wotk. —Bra4^(frd Oistrvtr, 

Electricity. 

A MANUAL OF ELECTRICTTY : Including Galvanism, Mag. 
netism, Dia^Magrutism, Electro-Dynamics^ Magno-Electricity, and the Eleetric 
Telegraph. By Hcnrt M. Noad, Ph.D., F.R.S., F.CS. Fourth Edition. 
With 500 Woodcuts. 8vo, £1 4s. doth. 
" It is worthy of a place in the library of erery pubfic institution.**— i/M>V' yourtuU, 

Dt/natno Construction. 

HOWTOMAKEA DYNAMO: A Practical Treatise for Amateurs. 
Containing numerous Illustrations and Detailed Instructions for Construct- 
ing a Small Dynamo, to Produce the Electric Light. By Alfred Crofts. 
Third Edition, Revised and Enlarged. Crown 8vo, 2s. cloth. \Just bublisheeL 
" The instructions pven in this unpretentious little book are sufficiently cleau ana explicit to 

enable any amateur mechanic possessed of arerase skill and the usual tools to be found in aa 

amateur's workshop, to build a practical dynamo machine." — Electrician, 



NAT URAL SCIENC E, etc. 

Pneumatics and Acoustics. 

PNEUMATICS : including Acoustics and the Phenomena of Wind 
Currents, for the Use of Beginners. By Charles Toiclinson, F.R.S.« 
F.C.S., &c. Fourth Edition, Enlarged. With numerous Illustrations. 
i2mo, IS. 6d, cloth. 

" B^hiners in the study of this Important application of science could not hare a better nuutuaL** 
^-Srotstftan. 

" A raluable and suitable tezt>book for students of Acoustics and the Phenomena of Wind 
Cumnts."—Sckeoimasterm 

(Jonchology. 

A MANUAL OF THE MOLLUSC A : Being a TreaHse on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S., F.G.S., late Assistant 
Palaeontologist in the British Museum. With an Appendix on Recent and 
Fossil Conchological Discoveries, by Ralph Tate, A.L.S.1 F.G.S. Illustrated 
by A. N. Waterhouse and Joseph Wilson Lowry. With 23 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Ed., x88o. Cr. Svo, 7s. 6d, el, 
" A most valuaUe storehouse of conchological and geological information."— >Sici<iMK Gaxsi^ 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL. Consisting of "Physical Geology '' which sets forth 
the leading Principles of the Science ; and " Historical Geology," which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tate, A.L.S., F.G.S., etc, &c. With 250 Illustrations. lamo, 5s. 
cloth boards. 

" The fulness of the matter has elevated the book into a manual Its informatloa is ezhaustivo 
and well »mng6d."—Schooi Board Chronicle, 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or. Geology and 

Genesis : their Perfect Harmony and Wonderful Concord. B v Georob W. 

Victor le Vaux. Numerous Illustrations. Fcap. Svo, 5s. cloth. 

" A valuable contribution to the evidences of Revelation, and disposes very concludvdy of the 
•iffuments of those who would set God's Works against God's Word. No nal difficulty is shirked, 
and no sophistry is left unexposed."— rA< Rock, 

" The remarkable peculiaritjr of this author Is that he combines an unbounded admiration of 
science with an unbounded admiration of the Written record. The two impulses are balanced to 
a nicety ; and the consequence is that difficulties, which to minds less evenly poised would bo seri* 
ous, find immediate solutions of the happiest kinds."— Z^m^^^h Revitw, 

Astronomy, 

ASTRONOMY. By the late Rev. Robert Main, M.A. , F.R.S., 
formerly Radcliffe Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by William Thynne Lynn, B.A., F.R.A.S., 
formerly of the Royal Observatory, Greenwich. i2mo, 25. cloth limp. 

" A sound and simple treatise, very carefully edited, and a capital book for b(>ginners."— 
Knowledg'. [fional Times, 

!' Accurately brous:ht down to the requirements of the present time by Mr. Lynn."— ^gfMCd- 



NATURAL SCIENCE, ell. 



DR. LARDNER-S COURSE O F NATURE PHILOSOPHY. 
THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
wriiisD by Bkhjamk toBwv, F.R.A.S. With 3?a IlluBltal.onb. Post Svo, 

. " _■__> „j -V .*-. _»I,V 1.a4 1uvnm« nlWidflU 






■^ '^ ^l' 



'X^X^^™, 



THE HANDBOOK OF HYDROSTA TiCS A A"/) PNh 'uMATiCSr', 
NewEdiUna, Reciscd and Enlarged, by BENJtlllH LoE>ri,F.&.A.S. Wilh [ 
ijfi lllDsUatians. Poet Svd, Ji, clotb. 



rifS HANDBOOK OF HEAT. Edited and alpMt entirely ro- 
writtcabr Bexjauih LoEWV, F.R.A.S., &c. 117 UlusUatioiis. Poei8vo,6i, 

«E 1dlLbL£ doubts bidi\nd'—EH£iian7'r. 

<-A WBIeittaLLUivabfKiL on Iha subject on ItMtil H IF«I^ ud b KO ArrtDfed TlMlltcubt 

Lfwwy hu included nil Ue Ir[«i dacarvriq in ihe VBried Im Bad pKecEt tiriiejti."—^AT'uWif. 

THE HANDBOOK OF OPTICS. By Dionvsids LiRCNBH.D.C.L., 

Collcef, London, New Edition, EdileAy T, Olveb Hahdisg, B.A.'™d?! 
-r ii_: :... ,-..i_ ._ T__j,„ i.,,.i, _ii n]uslialioni. Small Bvc^ 44S 
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DR. LARDNER'S MUSEUM OF SCIENCE AND ART. 



THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYsius Lardner, D.C.L., formerly Professor ol Natural Philosophy and 
AstroDomv in University College, London. With apwards of x,aoo Bngrav- 
ings on Wood. In 6 Double Volumes, ^i is., in a new and elegant cloth bind- 
ing i or handsomely bound in half-morocco, 31s. 64. 



« « 



Opinions of trb Press. 



^^ . ^^ aerle^ besides affording^ popular but sound instruction on scfentUk sobiJecti; with wVUt 

nr?- "*° '" '*** country ought to be acquainted, also undertaken that teaching of* Com- 

m^Thmgswhlch every well-wisher of his kind is anxious to promote. Many thousand' copies of 

iini-SemeSaDTe puoEcadon have been printed, in the belief ana hope that the detire for tnstructioa 



and improvement widely prevau ; and we have no fear that such enlightened faith wU meet with 
disappointment"— r»OT«x. 

" A cheap and interesting publication, alike informing and a ttracti re. The pepers combfaie 
•objects of unportance and great scientific knowledge^ considenble ladncthre powen^ and • 
popular style of treatment.'— %S/eetoA»r. 



•I ' 



' The ' Museum of Science and Art ' Is the most vahiable contribution that hat ever been 
made to the Scientific Instruction oi every class of sodety."— Sir DAVID B&BWSTBS, la the 
J^TcrtA British Review, 

** Whether we consider the liberality and beauty of the Hhistratlons, the chann of the wrMngi 
or the durable interest of the matter, we must express our belief that there is hardhr to be found 
among the new books one that would be welcomed by people of so many ages and cksaes as a 
valuable present."^£«aM<>«o'. 

*«* Separate books formed from the above, suitable for Workmen** Libraries, 

Science Classes, etc. 

Cinntnon Things Explained. Containing Air, Earth, Fire, Water, Time, 
Man, the Eye, Locomotion, Colour, Clocks and Watches, &c. 333 Illus- 
trations, cloth gilt, 55. 

The Microscope. Containing Optical Images, Magnifying Glasses, Origin 
and Description of the Microscope, Microscopic Objects, the Solar Micro- 
scope, Microscopic Drawing and Engraving, &c. 147 Illustrations, dotb 
gilt, 25. 

Popuiar Geology. Containing Earthquakes and Volcanoes, the Cmst of 
the Earth, &c. 201 Illustrations, cloth ^It, 2s. td. 

Popular Thyaica. Containing Magnitude and Minuteness* the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Pro^ostics, the 
Thermometer, the Barometer, Sound, &c. 85 Illustrations, cloth gilt, as. 6d, 

Steam and its Uses. Including the Steam Engine, the Locomotiva, and 
Steam Navigation 89 Illustrations, cloth gilt, as. 

Poptdar Astronomy, Containing How to observe the Heaven*— The 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomind Influ- 
ences, &c. 182 Illustrations, 45. 6d. 

The Bee and White Ants : Their Manners and Habits. With Illustra- 
tions of Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, as. 

The Electric Telegraph Popularized. To render intelligible to all who 
can Read, irrespective of any previous Scientific AcquirementSj the various 
forms of Telegraphy in Actual Operation. 100 Illustrations, cloth ^lt| 
i«. &<. 

Dr. Lardner*8 School Handbooks, 

NA TURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnbi. 

328 Illustrations. Sixth Edition. One Vol., 3$. 6d, cloth. 

" A very convenient class-book for junior students ir private schools. It Is Intended to coiirey, 
l-> dear and precise terms, general notions of all the principal divisions of Physical Sdence."-- 
British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardn«i. 

With 190 Illustrations. Second Edition, One Vol., 35. 6i. cloth. 
"Clearly written, wcU arr»ngc4, snd ««ceUentIy iUustrfttedf"— <^n«m«rV ChrmfOt, 



COUNTING-H OUSE WORK, TABLES, eto. 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accountants and Manufacturers, with Appendices on the No- 
menclature of Machine Details ; the Income Tax Acts ; the Rating jof Fao* 
tories; Fire and Boiler Insurance; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
Bjr Emilk Garcke and J. M. Fells. Third Edition. Demy 8vo, 250 pages, 
price 6s. strongly bound. 
•• A TCiy interesting description of the requirements of Factory Accounts. . . . the principle 

«f assimilating' the Factory Accounts to the general commercial txraks is one which we thorouKb y 

afl^ee w^th."—J1a:ouHtanU' youmat. 

" Characterised by extreme thoroughness. There are few owners of Factories who would 

not derive great benefit from the perusal of this most admirable •wox)L."—L»€al Gcvtrnffuni 

ChrvHicU, 

Foreign Commercial Correspondence* 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Languages — English, French, 
German, Italian and Spanish. By Conrad E. Baker. Second Edition, 
Revised. Crown 8vo, 3s. 6d. cloth. 

" Whoever wishes to correspond in aU the languages mentioned by Mr. Baker cannot do better 
than study this work, the materials of which are excellent and conveniently arrantred. They con- 
sist not of entire specimen letters, but what are far moie useful— short passages, sentences, or 
phrases expressing the same general idea in various form«." — Atheneeum, 

" A careful examination uas convinced us that it is unu&ually complete, well arranged and 
rdiable. The l>ook is a thoroughly good one." —Schoo/masUr, 

Intuitive Calculations. 

THE COMPENDIOUS CALCULATOR ; or. Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Tables. By 
Daniel O'Gorman. Corrected and Extended by J. R. Young, formerly 
Professor of Mathematics at Belfast College. Twenty-seventh Edition, care- 
fully Revised by C Norris. Fcap. 8vo, 2S, 6d, clcth limp ; or, 3s. 6d, strongly 
half-bound in leather. 
" It would be difficult to exaggerate the usefulness of a book like this to everyone engaged in 

commerce or manufacturing industry. It is crammed full of rules and formulae for shortening and 

employing calculations,"— A'«<»w/^a'^^. 

" Supplies special and rapid methods for all kinds of calculations. Of great utility to persons 

engaged in any kind of commercial transactions." — Scotsman. 

Modern Metrical Units and Systems. 

MODERN METROLOGY : A Manual 0/ the Metrical Units 
and Systems of the Present Century. With an Appendix containing a proposed 
English System. By Lowis D'A. Jackson, A.M.Inst.C.E., Author of " Aid 
to Survey Practice," &c. Large crown 8vo, 12s. 6d. cloth. 
"The author has brought together much valuable and interesting information* . . . W« 

catmot but recommend the work to the consideration of all interested ia the practical reform of out 

weights and measures." — Nature. 

"For exhaustive Ubios of equivalent weiehts and measures of all sorts, and for dear demon.«tra« 

tions of the effects of the various systems that have been proposed or adopted, Mr. Jackson's 

treatise is without a rivaL" — Academy, 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the Bntish Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent. By C. H. Dowlinq, C.E. 8vo, xqs. 6i. strongly bound. 
** Their accuracy has been certified by Professor Airy, the Astronomer-Royal." — Builder. 
"Mr. Dowling's Tables are well put together as a ready-reckoner for the conversion of one 
system into the oUieT."-^Athettaufn. 



Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION. For 
expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from 15. per cwt. to iits. per cwt., and from one farthing per pound to one 
shilling per pound. Each Table extends from one pound to xoo tons. To 
which are appended Rules on Decimals, Square and Cube Root, Mensuration 
oi Superficies and Solids, &c. ; also Tables of Weights of Materials, and other 
Useful Memoranda. ByTnos. Downib. Strongly bound in leather, 396 pp., 9s. 
" A most useful set of tables, and will supply a want, for nothing like them before existed."— 

Buildin£r News. ^ . , , , . . 

" Although speciaOy adaptevi to the Iron and metal trades, the tables will be found nsefol m 

mrnty other business in whtcb rocychandise is bought and soid by weight."— iK**/**/ A'nw 



Calculator for Numbers and Weights Combined* 

THE NUMBER, WEIGHT AND FRACTIONAL CALCU- 
LA TOR, Containing upwards of 350,000 Separate Calculations, showing at 
a glance the value at 422 difierent rates, ranging from jh^ih of a Penny to 
aos. each, or per cwt., and £20 per ton, of any number of articles consecu- 
tively, from X to 470. — Any number of cwts., qrs., and lbs., from x cwt. to 470 
cwts.— Any number of tons, cwts., qrs., and lbs., from x to 1,000 tons. By 
William Chadwick, Public Accountant. Third Edition, Revised and Im- 
proved. 8vo, price 18s., strongly boimd for Office wear and tear. [Just published, 

♦,♦ This work is specially adapted for the Apportionment of Mileage Charges 
for Railway Traffic. 

tsr This comprehensive and entirely unique and original Calculator is adapted 
for the use of A ccountants and A uditors. Railway Companies, Canal Companies, 
Shippers, Shipping Agents, General Carriers, etc. 

ironfounders, Brassfounders, Metal Merchants, Iron Manufacturers, Ironmongers, 
Engineers, Machinists, Boiler Makers, Millwrights, Roofing, Bridge and Girder 
Makers, Colliery Proprietors, etc. 

Timber Merchants, Builders, Contractors, Architects, Surveyors, Auctioneers 
Valuers, Brokers, Mill Owners and Manufacturers, MM Fntmishers, Merchants and 
General Wholesale Tradesmen. 

*,* Opinions of the Prkss. 

"The book contains the answers to qaestions, and not simply a set of fatffenloas pazrla 
methods of arriving at results. It is as easy of reference for any answer or any numoer of answers 
•s a dictionary, ana the references are even more qulcldy made. For makings up accoonts or esti* 
mates, the book must prove invaluable to all who have any considenUile quantity of r^ i 'r'i lati ^?"! 
liiTolvinfif price and measure in any combination to do."— 'Engineer. 

" The most perfect work of the kind yet prepared."— G^^fow Herald, 

Comprehensive Weight Calculatorm 

THE WEIGHT CALCULATOR. Beinjr a Series of Tables 
upon a New and Comprehensive Plan, exhibiting /t One Reference the exact 
Value of any Weight from x lb. to 15 tons, at 300 Progressive Rates, from id. 
to x68s. per cwt., and containin|; x86,ooo Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed at 
sight), will afiord an aggregate of 10,266,000 Anfiwers; the whole being calcu- 
lated and designed to ensure correctness and promote despatch. By Henry 
Harben, Accountant. Fourth Edition, carefrilly Corrected. Royal 8vo, 
strongly half-bound, £1 5s. 

" A practical and useful work of reference for men of business generally ; It is the best of the 
kind we have seen. ' — J ran monger. 

"Of priceless value to business men. It is a necessary book in all mercantile oflices."— >SA<A 
field Independent, 

Comprehensive Discount Guide, 

THE DISCOUNT GUIDE, Comprising several Series of 
Tables for the use of Merchants, Manufacturers, Ironmongers, and others, 
b^ which may be ascertained the exact Profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit ^er allowing one or 
more Discounts : to which are added Tables of Profit or Advance from x^ to 
go per cent, Tables of Discount from li to 98} per cent., and Tables of Com- 
mission, &c., from I to 10 per cent. By Henry Harben, Accountant, Author 
of" The Weight Calculator." New Edition, carefrilly Revised and Corrected. 
Demy 8vo, 544 pp. half-bound, £1 ss. 

" A book such as this can only be appreciated by business men, ' to whcnn the savinv of Hme 
means savin? of money. We have the high authority of Professor J. R. Young that the tables 
throughout the work are constructed upon strictly accurate princi^es. The work is a model 
of typographical clearness, and must prove of great value to merchants, manu&cturersL and 
general traders."— ^rWrA Trade journal. 

Iron Shipbuilders^ and Merchants' Weight Tables. 

IRON -PLATE WEIGHT TABLES: For Iron Shipbuilders^ 
Engineers and Iron Merchants. Containing the Calculated Weights of up- 
wards of 150,000 different sizes of Iron Plates, from x foot by 6 in. by J in. to 
10 feet by 5 feet by i in. Worked out on the basis of 40 lbs. to the square 
foot of Iro.i of X mch in thickness. Carelully compilea and thoroughly Re- 
vised by H. BuRLiNSON and W. H. Simpson. Oblong 4to, 255. half-bound. 
"This work will be found of great utility. The authors have had much practical experience 
of what is wantinr in making estimates; and the use of the book ^»iil saie much time iu myirfng 
elaborate calculations."— £"«^/»JrA Mtcfianic • 
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COlTNTIHa-HOlTSE WORK, TABLES, etc. 






_ I CammerclcU Correspondence. 

THE FOREIGN COM MEliCtAL COKUESPONDENT : Being 
Aidl h) Commeniil Corrcapandonu) in Five LaneuieeB— English, FreDch, 
Gomui, Itiliu ind Spani^li. Bv Cunb/d K. Baikk. Second EdUion, 
VupAaei, Ciomi 8<D,)i, Cd. cinth. 

t Intuitive Calculatlona. 

THE COMPENDIOUS CALCULATOR : or. Easy and Con- 
die Uethodi of Fecfbnnine the varioui AtitliniElicsl Operaiiana required In 
1- 1.1 „j n...[ T. ..jj jjjj.(u| Tablea, By 



Caaunacbl ud BiiiiDBii Trii . ._„ . 

Dimhi. O^oeuah. Correcled uid Biiended far J. R. Vouiia, lorniBrlj 
Profsnorof UatbemBtics at Btlfnai CoUeve, Twenly-ieviDlb Edilion, care- 
fUlT Reviled brCNoiiBia. FcBp. Svo, ii. Cd. cUib limp; at, jj. M. sliiinj(1y 
. hilHMiiBd in leather. 

I Modem MetrUxU Vnits and Syntem^. 

* MODERN METROLOGY: A Manual o/_ tht Nilncal C/Jii(i 



■<e 8yB 

WSOP 

tiaMiWiKlitfTicBmpa'cdmMtliotiaStluUiiTicSyilimat faint 

HCohIUihS. ByC. M. DowLiMQ.C.E, Svo, UH.M.tironelT bound. 

■vKcuBcjrhubinnrtlBadby Pfalwof Alcy-<>>e AsiroDoiuH'R^u. —Buiiiif. ^ __ 

.Dmliq*|jT»bla«Mmnpiiin>e«liwM»™d)^raiiai™ Ini dm cornmion of OM 

I Swtt ami ifefol lyodes* Calculator. ,.„„., „ 
TffS rSOW AUD METAL TRADES' COMPANION. Foe 
... . .... ■^citajCaaithe—'- iJt.-«/..„i.. 
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HAHDYB00K8 FOR HANDiORAFTS. By PAUL N» HASLUOK. 

Metal Turning* 

THE METAL TURNER'S HANDYBOOK, A Practical Manual 
for Workers at the Foot-Lathe: Embracing Information on the Tools, 
Appliances and Processes employe i in Metal Turning. By Paul. N. Has- 
Z.UCK, Author of " Lathe- Work." With upwards of One Hundred lUustra*- 
tions. Second Edition, Revised. Crown 8vo, 25. cloth. 
" Clearly and concisely written, exc«dlent in every way."— Mecha/ticai H'brld. 

Wood Turning, 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Lathe: Embracing Information on the Tools, Appliances 
and Processes Employed in Wood Turning. By Paul N. Hasluck. With 
upwards of One Hundred Illustrations. Crown 8vo, «. cloth. 
"We recommend the book to younj^ turners and amateurs. A multitude of workmen have 
hithorto sought in vain for a manual of this special iad\xstry."—MechaHicai IVorUi. 

WOOD AND METAL TURNING. By P. N. Hasluck. 
(Being the Two preceding Vols, bound together.) 300 pp , with upwards of 
200 Illustrations, crown 8vo, 3s. ^. cloth. 

Watch Repairing, 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 
on Cleaning^ Repairing and Adjusting, Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Watch work. By Paul N. 
Hasluck. With upwards of One Hundred Illustrations. Cr. Svo, as. cloth. 
*' All youngs persons connected with the trade should acquire and study this exceJent, and at 
the same tiaie, inexpensive work." — Clerkentuelt CnronicU. 

Clock JRepairing. 

THE CLOCK JOBBER'S HANDYBOOK: A Practical Manual 
on Cleaning, Repairing and A djusting. Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Clockwork. By Paul N. 
Hasluck. With upwards of 100 Illustrations. Cr. Svo, 25. clotn. 
** Of inestimable service to those commencing^ the trade." — Coventry Standard. 

WATCH AND CLOCK JOBBING. By P. N. Hasluck. 
(Being the Two preceding Vols, bound together.) 320 pp., with upwards of 
200 Illustrations, crown Svo, 3s. 6d. cloth. 

Pattern Making* 

THE PATTERN MAKER'S HANDYBOOK. A Practical 
Manual, embracing Information on the Tools. Materials and Appliances em- 
ployed in Constructing Patterns for Founders. By Paul N. Hasluck. 
With One Hundred Illustrations. Crown Svo, 2s. cloth. 

"This handy volume contams sound information of considerable value to students and 
«rtlficers."^/f«r«war* Trades youmal. 

Mechanical Manipulation. 

THE MECHANICS WORKSHOP HANDYBOOK. A Practical 
Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with Useful Notes and Miscellaneous Memoranda. 
By Paul N. Hasluck. Crown Svo, 2s. cloth. 

** It is a book which should be found in every workshop, as It is one which will be continually 
referred to for a very ^eat amount of standard information."— 5a/M/'<faj' Review. 

Model Engineering. 

THE MODEL ENGINEER'S HANDYBOOK : A Practical 
Manual on Model Steam Engines. Embracing Information on the Tools, 
Materials and Processes Employed in their Construction. By Paul N. 
Hasluck. With upwards of 100 Illustrations. Crown bvo, 2s. cloth. 
" By carefully grotng: throu^rh the work, amateurs may pick up an exceUent notion of the con* 
Struction of full-sized steam cngiats."— Telegraphic youmat. 

Cabinet Making. 

THE CABINET WORKER'S HANDYBOOK: A Practical 
Manual, embracing Information on the Tools, Materials, Appliances and 
Processes employed in Cabinet Work. By Paul N. Hasluck, Author of 
" Lathe Work," &c. With upwards of 100 Illustrations. Crown Svo. 25. 
cloth. IJ ust i>uhlished. 

*• ThonnighTy practical througfaout. The amateur worker in wood wJl find it ncki OMfHk'''-* 
Blatgow UeraUL 
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Electrolysis of Ooldf Silver, Copper^ etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descrip- 
tions of Voltaic Batteries, Magneto and Dynamo-Electric Machines, 1 her- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and several Chapters (m Electro- Metallurgy. By Alexander 
Watt. Third Edition, Revised and Corrected. Crown 8vo, 9s. cloth. 
"Eminently a book for tha practical worker in electroHleposirion. It contains practical 

descriptions of methods, processes and mater'als as actually pursued and lised ia the workshop." 

— Enginetr, 

ElectrO'MetaUurgy. 

ELECTRO-MET A LL URG Y ; Practically Treated. By Alexander 
Watt. Author of " Electro-Deposition," &c. Ninth Edition, Enlarged and 
Revised, with Additional Illustrations, and including the most recent 
Processes. lamo, 45. cloth boards. 

"From this book both amateur and artisan may learn everything necessary for the succes^iul 
prosecution of electroplating."— /r»». 

Electroplating, 

ELECTROPLATING: A Practical Handbook on the Deposi- 
tion of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &c. 
With Descriptions of the Chemicals, Materials, Batteries and Dynamo 
Machines used in the Art. By J. W. Urquhart, C.E. Second Edition, with 
.\dditions. Numerous II I us: rations. Crown 8vo, 5s. cloth. 
" An excellent practical manual." — litt^neering^. 
" An excellent work, giving the newest information."— ^(^rv/op^As/ youmeU, 

Electrotyping. 

ELECTROTYPING : The Reproduction and Multiplication of Print- 
ing Surfaces and Works of Art by the Electro-deposition of Metals, By J. W. 
Urquhart, C.E. Crown 8vo, 5s. cloth. 
' The book is thoroughly practical. The reader is, tl\erefore. conducted through the leading 

aws of electricity, then through the metals used by elect rotypers, the apparatus^ and the depositing 

offocesses, up to the final preparation of the work."— ^r^ jfoumal. 

Horology, 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice. Translated from the French of Claudius Saunier, by Tulien Trip- 
PLiN, F.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint. With 
78 Woodcuts and 22 Coloured Plates. Second Edition. Royal 8vo, £2 2S. 
cloth ; £2 los. half-calf. 

" There is no horological work in the English language at all to be compared to this produc- 
tion of M. Saunier's for clearness and completeness. It is alike good as a guide for the student and 
as a re erence for the experienced horoloijist and skilled workman." — ilorolos^ical yournal. 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted tor the mechanical superiority over their English brethren 
— in tact, the Book of Books, is M. Saunier's 'Treatise.'"— fl'auhtnaker, JeweiUr anJSilversmiih, 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK. A Workshop Com- 
panion for those engaged in Watchmaking and the Allied Mechanical Arts. 
From the French of Claudius Saunier. Enlarged by Julien Tripplin, 
F.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint. Woodcuts 
and Copper Plates. Third Edition, Revised. Crown 8vo, 9s. cloth. 

" Each part is trul^ a treatise in itself. The arrangement is good and the language is clear and 
concise. It is an admirable ^uiJe for the young watchmaker."— isw^'w^riw^. 

" It is impossible to speak too highly of tts excellence. It fulfils every requirement in a hand- 
book intended for the use of a workman."— W-'o/f A and Cl^ckmaker. 

" This book contains an in>mensc number of practical derails bearing on the daily occupation 
of a watchmaker. "— IVaUhmaJier aud Metal-worker (Chicago). 

Goldsmiths' Work. 

THE GOLDSMITH'S HANDBOOK. By George E. Geb, 

Jeweller, &c. Third Edition, considerably Enlarged, xsmo, 3s. 6d. cl. bds. 
"A good, sovnd educator, and will be accepted as an authority.'— /f^rvAt^co/ youmetl. 

Silversm,iths* Work. 

THE SILVERSMITH'S HANDBOOK, By. George E. Gee, 
Jeweller, &c. Second Edition, Revised, with numerous Illustrations. i2mo, 

3S. 6d. cloth boards. 
" Workers in tlie trade will speedily discover its merits when they sit down tof»\*dy it."— 
English Mechanic, . . . , . , . ... 

*i* The above two works together^ strongly half-bound^ price 7s. 

o 
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Bread and Biscuit Baking. 

THE BREAD AND BISCUIT BAKER'S AND SUGAR^ 
BOILER'S ASSISTANT. Including a large variety of Modern Recipes. 
With Remarks on the Art of Bread-making. By Robert Wblls, Practical 
Backer. Second Edition, with Additional Recipes. Crown 8vo, or. cloth. 

[Just published. 
** A htge number of wrinkles for the ordinary cook, as well as the baker.'*--Sa/!Mr)iAu' Review, 

Confectionery. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. 
For Hotels, Restaurants and the Trade in general, adapted also for Family 
Use. By Robert Wells, Author of " The Bread and Biscuit Baker's and 
Sugar Boiler's Assistant.*' Crown 8vo, 25. cloth. [Just published, 

** We cannot speak top hisfhly of this really excellent work. In these days of keen competitka 
•or readers cannot do better than purchase this book."— i^a^Urr' Times. 

Vrna m ental Confectionery. 

ORNAMENTAL CONFECTIONERY : A Guide for Bakers, 
Confectioners and Pastrycooks ; including a variety of Modem Recipes, and 
Remarks on Decorative and Coloured Work. With 129 Original Designs. 
By Robert Wells. Crown 8vo, 5s. cloth. 

*'A Taluable work, practical, and should be in the hands of every baker and confectioner. 
The illustrauve designs are alone worth treble the amount charged for the whole ■woxkj'^ Bakers* 
limes. 

Flour Confectionery. 

THE MODERN FLOUR CONFECTIONER. Wholesale and 
Retail. Containing a large Collection of Recipes for Cheap Cakes, Biscuits, 
ftc. With Remarks on the Ingredients used in their Manufacture, &c. By 
]L Wells, Author of "Ornamental Confectionery," "The Bread and Biscuit 
Baker," ** The Pastrycook's Guide," &c. Crown 8vo, as. cloth. 

[Just published. 

Laundry Work. 

LA UNDRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modern Machinei y 
and Appliances for Laundry Work. By the Editor of "The Laundry 
Journal. ' With numerous Illustrations. Crown 8vo, 2S. 6d. cloth. 



CHEMICAL MA NUFACTURES & COMMERCE. 

Alkali TradCj Manufacture of Sulphuric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acidj Sulphate of Soda, and Bleaching Powder. 
By John Lomas. 390 pages. With 232 Illustrations and Working Drawings. 
Second Edition. Royal 8vo, £1 10s. cloth. 

•*TUs book is written by a manufacturer for manufacturers. The working detaib of the most 
approved forms of apparatus are given, and these are accompanied byno less than na wood en* 
gravings, aU of which may be used for the purposes of construction. Every step in the manu&c« 
ture is very lixlly described in this manual, and each improvement 9xp]amt±,"'^AtM€f€e$tm, 

The ^Houyoime 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrous Analysis, Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut •Cot. W. A. 
Ross, R.A. With 120 Illustrations. New Edition. Crown 8vo, 55. 
*'Tbe student who goes through the course of experimentation here laid down will gain a 
better insight into inorganic chemistry and mineral(wy than if he luui 'got m>' any of the best 
text-books ot the day, and passed any number of ezanHnations in their contents.'^— CAmnco/ JVews, 

Commercial Chemical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA^ 
LYSIS; or, Practical Instructions ior the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures,Trades, and the Arts. 
By A. Normandy. New Edition by H. M. Noad, F.R.S. Cr. 8vo, 125. 6d. cU 
"Essential to the analysts appointed under the new Act. The most recent results angivwk 
aad the worlL is well edited and carefully written."— Aa/wr«. 
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Brewing. 

A HANDBOOK FOR YOUNG BREWERS, By Hbrbbrt 
£dwaiu>8 Wright, B.A. An Entirely New Edition, much Enlarged. 

[In the prett, 

Analysis and Valuation of Fuels. 

FUELS: SOLID, LIQUID AND GASEOUS, Their Analysis 
and Valuation, For the Use of Chemists and Engineers. Bv H. J. Phillips, 
F.C.S., Analytical and Consulting Chemist to the Great eastern Rail way. 
Crown 8vo, 35. 6d. cloth. IJust Published 

" Oncht to hmve its place in the laboratory of erery metallurgical estabUshmeot, and wherever 

.iiel is used on a larse kctle." — Cfumicat Aews. 

" Mr. Phillips' new book cannot fail to be of wide interest, especially at th: present lime.*— 

Railway Nrws, 

Uye^Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES: Their 
Properties, Appiicatums, Valuation, Impurities, and Sophistications. For the 
nse of DyerSj Printers, Drysalters, Brokers, &c. By J. W. Slater. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, 7s. 6d. cloth. 
** A complete encyclopaedia of the materia tinctoria. The information nven respecting each 

artide is full and precise, and the methods of determining the value of articles such as theve, so 

liable to sophistication, are given with clearness, and are practical as well as vahiaMe."— CA^mu^ 

and Druggist. 

** There Is no other work which covers precisely the same ground. To students preparing 

or examinations in dyeing and printing it will prove exceedingly luefuL"— C/MMftOi/ Nrms, 

Bigments. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non- Permanency, and Adul- 
terations; Effects in Combination with Each Other and with Vehicles ; and 
the most Reliable Tests of Parity. Together with the Science and Arts 
Department's Examination Questions on Painting. By H. C. Stamdagb. 
Second Edition. Crown 8vo, 25. 6d. cloth. 

" This work is indeed tnultum^n'Parve, and we can, with good conscience, recommend It te 
«TI who come in contact with pigments, whether as makers, dealers or users." — Chemical Review, 

Gauging. Tables and Mules for Revenue Officers^ 

JBrewers, etc, 

A POCKET BOOK OF MENSURATION AND GAUGING 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. M ant (Inland Revenue). Second Edition, 



Revised. Oblong iSmo, 4s. leather, with elastic band. IJust published^ 

" This handy and useful book is adapted to the requirements of the Inland" Revenue Depart* 
ment, and wiU be a favourite book of reference. The range of subjects is comprehensive, and *lm 



arrangement simple and dear." — Civilian, 

*' Should be in the hands of every practical brewer."— 'Brevrers' youmat. 



AaRICULTURE, FARMING, G ARDENING, etc 

Touatt and Burn^s Complete Orazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE-' 
BREEDER'S ASSISTANT, A Compendium ox Husbandry; especially in 
the departments connected with the Breeding, Rearing, Feeding, and General 
Management of Stock ; the Management oi the Dairy, &c. With Directions 
for the Culture and Management of Grass Land, of Grain and Root Crops, 
the Arrangement of Farm Offices, the use of Implements and Machines, and 
on Draining, Irrigation, Warping, &c. ; and the Application and Relative 
Value of Manures. By William Youatt, Esq., V.S., and Robert Scott 
Burn. A New Edition, partly Re-Written and greatly Enlarged by 
W. Fream, B.Sc. Lond., LL.D. One large Svo Volume, nearly 1,000 pages. 

[In preparation. 

Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrosb McConnell, 
Fellow of the Highland and Agricultural Society ; late Professor of Agricul- 
ture, Glasgow Veterinary College. Third Edition. Royal 32mo, full roan, 
gilt edges, with elastic band, 4s. 
••The most complete and comprehensive Note-book for Farmers and Farm Students that we 

base seen. It literally teems with mformation, and we can cordially recommend it to all connectei 

mih agrcuilture."— //or/A British AgricultnrisU 
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Flour ManufoAiturej MiUing, etc, 

FLOUR MANUFACTURE : A Treatise on Milling Science 
and Practice. Bv Fribdrich Kick, Imperial Regieningsrath, Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated ft'om the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlhs, A.M.I.C.E. Nearly 400 pp. Illustrateoi 
with 28 Folding Plates, and 167 Woodcuts. Royal 8vo, 255. cloth. 

* This valuable vtpvk is. and will remain, the standard authority on the science of milling. . • 
The miller v/ho has read and digested this vro-k will have laid the foundarion, so to speak, of a suc« 
cesstul career ; he will have acquired a number of general principles which he can proceed to 
apply. In this handsome volume we at last have the accepted text -book of modem millihgingood, 
sound English, which has little, if any, trace of the German idiom." — The Miller. 

" The appe; rmce of this celebrated work in English is very opportune, and British millers 
wi'4. we are sure, not be slow in availing themselves of its pages."— ^t'/^rx' Gazelle. 

Small Fainning. 

SYSTEMATIC SMALL FARMING; or. The Lessons of my 
Farm. Being an Introduction to Modern Farm Practice for Small Farmers 
in the Culture of CroDs; The Feeding of Cattle; The Management of the 
Dairy, Poultry and Pigs, &c. &c. By Robert Scott Burn, Author of " Out- 
lines of Landed Estates' Management." Numerous Illusts., cr. 8vo, 65. cloth. 

" This is the completest book of its class we have seen, and one which every amateur farmer 
will read with pleasure and accept as a guide." — Field. 

" The volume contains a vast amount of useful information. No branch of farming is left 
untouched, from the labour to be done to the results achieved. It may be safely recommended to 
all who think they will be in paradise when they buy or rent a three-acre farm." — Glasgow Herald, 

Modem Farming. 

OUTLINES OF MODERN FARMING, By R. Scott Burn. 

Soils, Manures, and Crops — Farming and Farming Economy — Cattle, Sheep, 

and Horses — Management of Dairy, Pigs and Poultry — Utilisation of 

Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1,250 pp., half* 

bound, profusely Illustrated, 12s. 

" The aim of the author hae been to make his work at once comprehensive and trustworthy, 
and in this aim he has succeeded to a degree which entitles him to much credit." — Morning 
Advertiser. " No farmer should be without this book."— ^««*«ry Guardian. 

Agricultural Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF, 
Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates ; Farm Buildings, their Arrangement and Con- 
struction, with Plans and Estimates; Bam Implements and Machines; Field 
Implements and Machines ; Agricultural Surveying, Levelling, &c. By Prof. 
John Scott, Editor of the " Farmers' Gazette," late Professor of Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, &c« &c. 
In One Vol., 1,150 pages, half-bound, with over 600 Illustrations, 125. 

" Written with great care, as well as with knowledge and ability. The author has done his 
woric well ; we have foimd him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— i1/ar>( Lane Express. 

" For a young agriculturist we know of.no handy vohime likely to be more usefully studied.** 
—BelTs IVeekly Messenger. 

JEnglish Agriculture. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 
Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clements (Board of 
Trade). Second Ed., Revised, with Additions. iSmo, 2s. 6d. cl. [Just published, 
"A most comprehensive volume, giving a mass of information."— Agricultural Economist. 
"Itis a long time since we have seen a book which has pleased us more^ or which contains 
such a vast and useful fund of knowledge."— £<^iM»/^^»a/ Times. 

Tables for Fartners, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers, Graziers, Agricultural Students^ Surveyors, Land Agents Auc- 
tioneers, etc. With a New System of Farm Book-keeping. Selected and 
Arranged by Sidney Francis. Second Edition, Revised. 27a pp., waist- 
coat-pocket size, IS. 6d. limp leather. IJust published. 
" Weighing less than i or., and occupying no more space than a match box, it contains a mass 
of facts and calculations which has never before, in such handy form, lieen obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of 
the tables having been revised by Dr. Fream. We cordially recommend iL"— Bell's fFuJbly 
Messenger. 

" A marvellous little book. . . . The agriculturist who possesses himself of It w&l not b% 
disappointed with hii investment."— 7%^ Farm. 
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Farm and Estate Book-keeping. 

BOOK-KEEPING FOR FARMERS & ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Second 
Edition, Revised. Cr. 8vo, 3s. 6i. cl. bds. ; or is. 6d. cl. limp, [jfusi published, 
**The Tohune is a capital study of a most important subject."^ MgrictMurai GametU, 
** Will be found of ^reat assistance by tliose who intend to commence a system of t>ook-keep* 

In^, the author's examples being clear and explicit, and hb explanations, while full and accurate. 

being to m large eaceat free from technicalities."— Ltvc Stock youmal. 

Farm Account Book, 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. with 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com- 
plete Record ol the Farming Operations. B^ Johnson M. Woodman, 
Chartered Accountant, Author of "Book-keeping for Farmers." Folio, 
75. 6d, half bound. {.culture. 

** Contains every requisite form for keeping farm accounts readily and accurately."— yt^ri* 

Early Fruits^ Flowers and Vegetables, 

THE FORCING GARDEN : or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building Glass- 
houses, Pits and Frames. Containing also Original Plans for Double Glazing, 
a New Method of Growing the Gooseberry under Glass, &c. &c., and on Venti- 
lation, Protecting Vine Borders, &c. With Illustrations. By Samuel Wood. 
Crown 8vo, 3$. 6d. cloth. 
" A good book, and Tairly fills a place that was in some degree vacant The book is written with 

great care, and contains a great deal of valuable teacliing." — Gardeners' Magazine. 

" Mr. Wood's book is an original and exhaustive answer to the qucstioa * How to Grow Early 

Fruits, Flowers and Vegetables I "—Land and Water. 

Good Gardening, 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to Grow 

Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 

Seeds, Planting, Laying-out of Gardens and Grounds, &c. By S. Wood. 

Fourth Edition, with considerable Additions, &c., and numerous Illustrations, 

Crown 8vo, 3s. 6d. cloth. 

" A very good book, and one to be highly recommended as m practical guide. The practical 
directions are excellent." — Athenaum. 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the 
plaip, simple, and trustworthy information it gives on common matters too often neglected."* 
Gardtners' Cfwonicle. 

Gainful Gardening, 

MULTUM'IN-PARVO GARDENING; cr. How to make One 
Acre of Land produce £620 a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £^176 per 
annum clear Profit. By Samuel Wood, Author of "Good Gardeniqg," &c. 
Fifth and cheaper Edition, Revised, with Additions. Crown 8vo, 15. sewed. 
"We are bound to recommend it as not only suited to the case of the amateur and gentleman's 
gardener, but to the market grower." — Gardeners' Afagyueine. 

Gardening for Ladies, 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 

and Amateurs' Complete Guide. By S. Wood. With lUusts. Cr.Svo, 3s. 6d. cU 
" This volume contains a good deal of sound, common sense instruction." — Florist. 
" Full of shrewd hints and useful instructions, based on a lifetime of experience."— kSoo^lnwaM. 

Receipts for Gardeners, 

GARDEN RECEIPTS. Edited by Charles W. Quin. lamo, 
IS. 6d. cloth limp. 
" A useful and handy book, contalnhig a good deal of valuable information.''— ufM«NdrMiw. 

Market Gardening, 

MARKET AND KITCHEN GARDENING. By Contributors 
to " The Garden." Compiled by C. W. Shaw, late Editor of *' Gardening 
Illustrated." lamo, 3s. m. cloth boards. [Just ptiblished, 

" The most valuable compendium of kitchen and market-gardea work publistitd."—iParmer. 

Cottage Gardening, 

COTTAGE GARDENING: or. Flowers, Fruits, and Vegetables for 
Small Gardens. By E. Hobday. z2mo, is. 6d. cloth limp. 
** Con t ai n i much useful Infoimatioa at a small charge."— (^AMi^vw Herald. 
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LAND AND ESTATE MANAGEMENT, LAW, etc. 



JHud8an'8 Land VtUtier^s Poehet^Booh. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very much Improved Plan, for Calculating the Value of Estates. With 
Tables ior reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.E. New Edition. Royal 32mo, leatker, 
elastic band, 45. 

"This new edition Includes tables for ascertaining the value of leaser*, for any term of years ; 
and for showing how to lay out plots of eround of certain acres in forms, s«iuare, round, &c.. wiih 
valuable rules for ascertamini; the probable worth of standing timber .-o auv amount ; and is oi 
incalculable value to the country gentleman and professional man."— ^ar nurs journal. 

MwarVs Land Improver's JPocket^Book, 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULAE, 
TABLES and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property. By John Ewart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revised. Royal 32mo, oblong, 
leather, gilt edges, with elastic band, 4s. 
** A compendious and handy little volume."— ^^cteA^r. 

Complete Agricultural Surveyor's JPocket^Book* 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to- 
gether. Leather, gilt edges, with strap, 7s. 6d. 

" Hudson's book is the best ready-reckoner on matters relating to file valuation of land and 
crops, and its combination with Mr.Ewart's work greatly enhances the value and usefulness of the 
latter-mentioned. ... It is most useful as a manusu for reference."— iV^rTA (ifEng^tand Farmer. 

Auctioneer's Assistant. 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
ESTA TE AGENT AND VALUER'S POCKET ASSISTANT, tor the Valua- 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Prices for Inventories, &c. By John Wheeler, 
Valuer, &c. Fifth Edition, re-written and greatly extended by C. Norris, 
Surveyor, Valuer, &c. Royal 32mo, 5s. cloth. 

'* A neat and concise book of reference, containing an admirable and clearly'arranged list ot 
prices for inventories, and a very practical guide to determine the value of fvirTdtuxe,SK."— Standard. 

" Contains a laige quantity of varied and useful information as to tho valuation for purchase, 
sale, or renewal or leases, annuities and reversions, and of property generally, with prices foi 
inventories, and a guide to determine the value of interior fittings and other eSwts,"— Builder, 

Au>ctioneering» 

A UCTIONEERS : ThHr Duties and LiaUlitUs. A Manual ol 
Instruction and Counsel for the Young Auctioneer. By Robert Squibbs, 
Auctioneer. Second Edition, Revised and partly Re-written. DemySvo, 
I2S. &d, cloth. \.J^st published, 

"The position and duties of auctionee's treated compendiou«Iy and <^eAx\y."— Builder, 
"Every auctioneer ought to possess a copy of this excellent moxk.'''-IronmoHger, 

" Of great value to the profession. . . . We readily welcome this book from tha fitct that It 
treats the subject in a manner somewhat new to the profession." — E s t at es Gatcette. 

Legal Guide for JPawnhrohers^ 

THE PAWNBROKERS', FACTORS' AND MERCHANTS* 
GUIDE TO THE LAW OF LOANS AND PLEDGES, With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se- 
curities. By H. C. FoLKARD, Esq., Barrister-at-Law, Author of " The Law 
of Slander and Libel," &c. With Additions and Corrections. Fcap. 8vo, 
3s. 6d, cloth. 

** This work contdns simply everything that requires to be known concemfaig the department 
of the law of which it treats. We can safely commend the book as unique and very nearly perfect." 

•* The task tmdertaken by Mr. FoDcard has been very satisfactorlhr performed. . . . Such ex* 
planations as are needful have been supplied with great clearness and witlt due regard to brevity.** 
entires*. 
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Law of Patents* 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM. Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Haroinguam, Assoc.MeiD.Inst.C.E., &c Demy 8vo, cloth, price 
2s,6d. [Just publKhed, 

Metropolitan Rating Appeals. 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OP GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. 
By Edward Rydb and Arthur Lyon Rydb. Fourth Edition, brought down 
to the Present Date, with an Introduction to the Valuation (Metropolis) Act, 
iSfo, and an Appendix by Walter C. Rydb, oi the Inner Temple, Barrister- 
at-Law. 8vo, i6s. cloth, 
** A useful work, occupying a pUce mid>way between a handbook for- m Iaw3rer and a ^ide to 

the surreyor. It is compilea by a gentleman eminent in his profession as a land agent, whose spe> 

cialty, it ts acknowledged, lies in the direction of awewing property for rating pvuposts.'—Land 

Agtnt^ Record. 

" It i4 an inrlispensable work of reference for all engaged In assessment business. "^yauntal 

Hf Gas Lightine. 

Blouse Property. 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practical 
Guide to the Purchase, Mortgage^ Tenancy, and Compulsory Sale of Houses and 
LonJ, including the Law of Dilapidations and Fixtures; with Examples of 
all kmds of Valuations, Useful Information on Building, and Suggestive 
Elucidations of Fine Art By E. L. Tarbucb, Architect and Sorveyort 
Fourth Edition, Enlarged. i2mo, 5s. cloth. 
•• The advice is thoroughly practical, "—^ow youmaL, 

'*Fot an who have dealings with house property, this is an indispensable z^ldt."'—DecoruHffM. 
"CarefiiDy brought up to date, and much nnproved by the adoitioa of a divteion on fine art. 
" A wellwritten and thougtuful work."^LaiM/ Agtnts JUcord. 

Inwood's Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, A dvoursons, etc., uid for the Renewing of 
Leues held under Cathedral Churches, Colleges, or other Corporate bodies, 
for Terms of Years certain, and for Lives \ also for Valuing Reversionary 
Estates, Deferred Annuities, Next Presentations, &c. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. In wood. 23rd Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fbdos 
Thoman, of the Soci^t^ Cr6dit Mobilier of Paris. Crown 8vo, 8*. doth. 
''Those interested in the purchase and sale of estates; and in the adjustment of compensatkm 

cases; as well as in transactions in annul tiet, Ufe insnranoe^ &C., will find the present editioo of 

eminent wtrnc^.'—tngitieeriHg. 

*' * Inwood's Tables ' still maintain a most enTiable reputation. The new Issue has been enriched 

by large additional contributions by M. Fedor Theman, whose carefully arranged Tables caanoC 

tail to Im ctf' the utmost utility." — Mining yntmal. 

Agricultural and Tenant^Right Valuation. 

THE AGRICULTURAL AND TENANT-RIGHT-VALUER'S 
ASSISTANT. A Practical Handbook on Measuring and Estimating the 
Contents, Weights and Values of Agricultural Produce and Timber, the 
Values of Estates and Agricultural Labour, Forms of Tenant*Right- Valua- 
tions, Scales ot Compensation under the Agricultural Holdings Act, 1883, 
&C. &c. By Tom Bright, Agricnltural Surveyor. Crown 8vo, 3s. 6d. cloth. 
" Full of tables and examples in connection with the valuation of tenant-right, estates, lat>our, 

contents, and weights of timber, and farm produce of all kinds."— .<4fTirM/rMra/ GtuutU. 

" An eminently practical handbook, full of practical tables and data of undoubted interest and 

value to surveyors and auctioneers in preparing valuations of aU lunds.*— vF(>r«Kr. 

JPlantations and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook on Estimating the Cost of Forming, Renovating, Improving and 
Grubbing Plantations and Underwoods, their Valuation for Purposes of 
Transfer, Rental, Sale or Assessment. Bv Tom Brioht, F.S.Sc, Author of 
" The Agricultural and Tenant-Right-Valuer's Assistant," &c. Crown 8vo, 
3S. W.cldth. [Just published, 

" Will be found very useful to those who are actually engaged in managing yrood."—Be/fs 

IVeekiy Messenger. 

•' To valuers, foresters and agents it will be a wdcome aid." ^North British AgricuUurist. 
"Well calculated to assist the valuer in the discharge of his duties, and of uniaoubted interest 

and use both to suneyors and auctiooeets in pr^>ariDg valnatioas of all kinds."— JBcn/ Herald, 
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■-II I ■ ■ -•■ M^v 

A Complete Epitome of the Laws of this Country^ 

EVERY MAN'S OWN LAWYER: A Handy -Book of the 
PrincipUs of Law and Equity. By A Barrister. Twenty-eighth Edition. 
Revised and Enlarged. Inclodtng the Legislation of iSgo, and including 
careful digests of The Bankruptcy Act^ 1890; the Directors* Liability Act, 
1890; the Partnership Act, 1890- the Intestates' Estates Act^ 1890: the Settled 
Land Act, 1890 ; the Housing of the Working Classes Act, 1800; the Infectious 
Disease {Prevention) Act. 1890; the Allotments Act, 1890; the Tenants* Com- 
pensation Act, 1890; and the Trustees* Appointment Act, 1890; while other 
new Acts have been duly noted. Crown 8vo, 688 pp., price 6s. Sd. (saved at 
every consultation ! ), strongly bound in cloth. {Jt*st published. 

♦^•THB BOOK WILL BB FOUND TO COMPRISE (AMONGST 
OTHER MATTER)- 

Thb Rights and Wrongs of iNnrviDUALS— Landlord and Tenant— Vendors 
AND purchasers— Partners and agents— Companies and Associations— Masters, 
Servants and workmen— Leases and mortgages— Church and Clergy, Ritual 
— LicEL AND slander— Contracts and agreements -Bonds and Bills of Sale- 
Cheques, BILLS and Notes -Railway and Shipping Law— Bankruptcy and In- 
surance— Borrowers. Lenders and Sureties— Criminal Law— parliamentary 
Elections- County Councils— municipal Corporations— Parish Law, church- 
WARDENS, etc— Insanitary Dwellings and Areas— Public Health and 
Nuisances— Friendly and Building Societies— Copyright and Patents— Trade 
Marks and Designs-Husband and wife. Divorce, etc.— Trustees and execu- 
tors—Guardian AND Ward, infants, etc— Game Laws and Sporting -Horses, 
Horse-dealing and docs— Innkeepers; Licensing; etc- Forms op Wills, 
agreements, etc etc. 

NoTB. — The object of this work is to enable those who consult it to help them' 
stives to the law; and thereby to dispense, as far as possible, with professional 
assistance and advice. There are many wrongs and grievances which persons sub- 
mit to from time to time through not knowing how or where to apply for redress ; and 
many persons have as great a dread of a lawyer*s office as of a lwn*s den. With this 
book at hand it is believed that many a Six-and-Eightpence may be saved; many 
a wrong redressed: many a right reclaimed; many a law suit avoided ; and many 
an evil abated. The work has established itself as the standard legal adviser of all 
classes, and also made a reputation for itself as a useful book of reference for lawyers 
rf siding at a distance from law libraries, who are gtad to have at hand a work em- 
bodyinig recent decisions and enactments, 

\* Opinions of thb Press. 

** It b a complete code of Engfish Law, written in plain language, which all can understand. 
. . Should be in the hands oferefy business man, and all who wish to abolish lawyers' bills.'* — 
ffeUty Times. 

A useful and conclM epitome of the law, compiled with conaderable care."— £aw Magajtine. 
** A complete digest of the most useful facts which constitute English law." — Globe, 

"This excellent handbook. . . . Admirably done, admiiably arranged, and admirably 
cheap."— Z*ftir Mercury. 

* A concise, cheap and complete epitome of the English law. So plainly written that he who 
runs may read, and he who reads may understand."— /<;^r0. 

" A dictionary of l^^al facts well put together. The book is a very useful one.* — Spectator. 

" A work which has long been wanted, which Is thoroughly well done, and which we most 
cordially recommend.** — Sunday Times. 

" The latest edition of this popular book ought to be in every business establishment, and on 
every library table.*— i^A<^tf« Past. 

JPHvate Bill Legislation and Provisional Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
sional Orders, tor the Authorization of RailwavSf Tramwavs, Works for the 
Supply of Gas and Water, and other undertakings of a like character. By 
L. Livingston Macassbt, of the Middle Temple, Barrister-at-Law, and 
Member of the Institution of Civil Engineers! Author of" Hints on Water 
Supply." Demy 8vo, 950 pp., price 255. cloth. 

'* The vohnne is a desideratum on a subject which can be only acquired by practical expert- 
ence, and the order of procedure in Private Bill Legislation and Provisional Orders is fohowed. 
The author's suggestions ana notes wIU be found of gr^ value to engineers and others profiessioo- 
ally engaged in this class of practice,'— Building' News. 

" The author's double experience as an engineer and barrister has endnently qoaBfied him for 
the task, and enabled him to approach the subject aUke from an engineering and legal point of 
view. The volume wiQ be found a great help both to engineers and laws^ers engaged in promoting 
Solvate Acts of Parliament and Provisional CMers."— Local Government Chroniae, 

OGDBH, SMALB and CO. UMXTBD, PUMTBRS, GREAT SAFFRON HZU.,~B.& 
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A NLW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SClENTIFICjEDUCATIONAL, 
AND CLASSICAL. 

ArtAHicii.Bmidtn . Arlisani, and Slud ials j tiirrally. <u itiell as le Ihmi InirrttliJ 
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IS- " WEALE'S SERIES includ 
Science ajid Icdustry. comprising bl 
and Building, Civil Engineering, nue lum, ma 
Engineeiiag, Physical and Chemical Science, a 
Treatises. The "hole are constantly undergoing re 
brought up to the lalest discoveries in scientific research, are constantly 
issued. The prices at which they are sold ore as low aa their excellence i> 
asEurad." — An\tr\can Lilcrary Gaittli. 

" Amongst the literature of technical education, WbaLb'S Ssxms baa evei 
enjoyed a high reputation, and the additions being made by Messrs. CrOsBV 
LocKWOOD Sl Son render the aeries more complete, and bring the informa- 
tion upon the several subjects down to the present time," — Mining Journal. 

" It is not too much to say that no books have ever proved more popular 
with, or more useful to. young engineers and others than the eicellent 
treatises comprised in Wealb's Series."— Engintir. 

"The excellence of Weai.e'e Ssries is now so well appreciated, that it 
would be wasting our space to enlarge upon their general usefulness anil 
value."— BniWer, 

"The volumes of Weale'b Series form one of the best collec 
elementary technical boobs in any language." — Arehiiect. 

" WEALE'S SERIES has become a standard aa well as an unrivalled 
collection of treatises in all branches of art and scienoa,"— PaSiic Opinf 
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WEALE'S SUSIMENTAET SCIENTIFIC SEBIE8. 




*«* The volumes of this Series are freeW Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated; but the volumes marked 
with a X may also be had strongly bound in cloth boards for 6d. 
extra, 

N.B.-'In ordering from this List it is recommended^ as a 
means of facilitating business and obviating error^ to quote the 
numbers affixed to the volumes^ as voell as the titles and prices. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31. WELLS AND WELL-SINKING, By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnbll, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated. 2S. 
35- THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. By Gen. Sir T. Burgoynb, Bart. zs. 6d. 

43. TUBULAR, AND OTHER IRON GIRDER BRIDGES.^zx- 

ticularly describing the Britannia and Conway Tubular Bridges. By G. 
Drysdalb Dbmpsby, CE. Fourth Edition, vs. 

44. FOUNDATIONS AND CONCRETE WORKS, with Ptactical 

Remarks) on Footinn, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofferdams, &c. By £. Dobson. Fifth Edition, zs. 6d. 
60. LAND AND ENGINEERING SURVEYING, By T. Baker, 
CE. Fourteenth Edition, revised by Professor J. R. Young. 2s.t 
Bo«. EMBANKING LANDS FROM THE SEA, With examples 
and Particulars of actual Embankments, &c. By J. Wiggins, F.G.S. as. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water, &c. By S. Hughbs, C.E. New Edition. 4s.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. By David Stbvbnson, F.R.S.E., &c. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. By Francis Campin, CE. as. 6d.^ 

197. ROADS AND STREETS. By H. Law, C.E., revised and 
enlarged by D. K. Clark, C.E., including pavements of Stone, Wood, 
Asphalte, &c. a%. 6d.t 

J03. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. By C. Slaog, A.M.I.C.E. Revised Edition. «.» 

ti2. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE- 
MENT \ and the Manufacture and Distribution of Coal Gas. Originally 
written oy Samubl Hughes, C.E. Re-written and enlarged by William 
Richards, C.S. Seventh Edition, with important additions. 5s. 6d.t 

ti3. PIONEER ENGINEERING, A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst C.E. 4s. 6d.t 

M6. MATERIALS AND CONSTRUCTION; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
stmction. By Francis Campin, CE. Second Edition, revised. ^s.t 

219. CIVIL ENGINEERING, By Henry Law, M.Inst. C.E. 
Including Hydrauuc Enoinebrino by Gbo. R. Burivbll, M.Inst. C.E. 
Seventh Edition, revised, with large additions by D. Kimnbar Clark, 
M.Inst. CE. 6s. 6d., Cloth boards. 7s. 6d. 

268. THE DRAINAGE OF LANDS, TOWNS, «&• BUILDINGS. 
By G. D. Dbmpsey, C.£. Revised, with large Additions on Recent Practice 
in Dratnsbge Ehgineering, by D. Kinnbar Clark, M.I.CE. Second Edition, 
Corrected. 4s.6d.t [Just ^blished. 

The X indicates that these vols% may be had strongly bound at 6d extra. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Machinery for Raking 

Heavy Bodies. By Josbph Glynn» F.R.S. niustrated. if. 6d. 

34, THE STEAM ENGINE, By Dr. Lardner. Illustrated. I8.6d. 

59. STEAM BOILERS: their Construction and Management. By 
R. Armstrong, C.£. lUastrated. zs. 6d. 

82. THE POWER OF WATER, as appUed to drive Flour Milk, 
and to nve motion to Turbines. &c. By Joseph Glynn, F.R.S. as.} 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. ByT. Bakbr, C.E. With Additions by J. Nasmyth, C.E. as. 6d.l 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theoiv 

of, with Rules and Examples for Practical Men. ByT. Bakbr, C.E. is. 6a, 

164. MODERN WORKSHOP PRACTICE, as appUed to Steam 

Engines, Bridges, Ship-building, Cranes, &c* By T. G. Winton. Fourth 
Edition, much enlarged and car^lly revised. 3s. oa.t \,y tut published, 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour, as. 6d.} 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 
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Long and Short Driving Bands, and Angular Forces. Bv J. Armour, as.} 

THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By J. Maxton. 6th Edn. With 7 Plates and 350 Cuts. 3s. 6d.t 

190. STEAM AND THE STEAM ENGINE, Stationary and 
Portable. Being an Extension of the Elementary Treatise on the Steam 
Engine oi Mr^ohn Sbwbll. By D. K. Clark, M.I.C.E. 3s. 6d.t 

200. FUEL, its Combustion and Economy. By C. W. Williams. 
With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke 
Wood, Peat, Petroleum, &c.— by D. K. Clark, M.I.C.E. 3s. 6d.t 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 



large additions by D. Kinnbar Clark, M.I.CE. %M,t 
THE BOILERMAKER* S ASSISTANT in 



211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 



plating, 
Practicj 



and Calculating Boiler and Tank Work. By John Courtnby. 
Practical Boiler Maker. Kdited by D. K. Clark, C.E. xoo IllustratioBa. as, 
217. SEWING MACHINERY: Its Construction, History, &c., with 
full Technical Directions; for Adjusting, &c. By J. W. Urquhart, C.E. as.} 

223. MECHANICAL ENGINEERING, Comprising Metallurgy, 
Moulding, Casting, Fornnsr, Tools, Workshop Machiner}^ Manufiicture ol 
the Steam Engine, &c. By Francis Campin, C.E. Second Edition, as. 6d.t 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron. By Francis Campzn,'C.£. 3S.t 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By W. J. £. Cranb. Illustrated, as. 6d.t 

238. THE SHEETMETAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, 8cc. With 94 Dianams and 
Working Patterns. By W. J. £. Cranb. Second Edition, revised, is. 6d. 

251. STEAM AND MACHINERY MANAGEMENT: with Hints 
on Construction and Selection. By M. Powis Balb, M.I.M.E. as. 6d.t 

254. THE BOILERMAKER'S READY-RECKONER. By J. 

Courtney. Edited by D. K. Clark, C.£. 4s., limp; 5s., half-bound. 

255. LOCOMOTIVE ENGINE^DRIVING, A Practical Manual for 

Engineers in charge of Locomotive £ngines. By Michabl Rbymolds, M.S.S 
£igfath £dition. 3s. 6d., limp; 4s. 6d. cloth boards. 

2S(>, STATIONARY ENGINE-DRIVING. A Practical Manual 

Engineers in charge of Stationary Engines. By Michabl Rbymolds, M.S.S. 
Third £dition. 3s. 6d. limp : 4s. 6d. cloth boutls. 

260. IRON BRIDGES OF MODERATE SPAN: their Construc- 
tion and £rection. By Hamilton W. Pbndrbd, C.E. as. 

The t tndtcaies thai these vols, me^ he had strongly bound at 6d, extra, 
7, STATIONERS* HALL COURT, LUDGATE HILL, E.C. 
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MINING, METALLURGY, ETC. 

4. MINERALOGY, Rudiments of; a concise View of the General 
Properties of Minerals. By A. Ramsay, F.G.S., F.R.G.S., &c. Third 
Edition, revised and enlarged. Illustrated. 3s. 6d.t 

117. SUBTERRANEOUS SURVEYING, with and without the Mag- 
netic Needle. By T. Fbnwick and T. Baker, C.E. Illustrated. 2s. 6d. X 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 
andbr Watt. Ninth Edition, enlarged and revised, with additional lllus> 
trations. and including the most recent Processes. 3s. 6d.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d. 
172* MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. 

1 76. METALL URGY OF IR ON, Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Baubrman, F.G.S. Sixth Edition, 
revised and enlarged, ss.t [^ust published. 

180. COAL AND COAL MINING. By the late Sir Warington W. 
Smyth, M.A., F.R.S. Seventh Edition, revised. 3s. 6d.t \yusi published, 

195. 7 HE MINERAL SURVEYOR AND VALUER* S COM^ 
PLETE GUIDE. By W. Lintern, M.E. Third Edition, including Mag- 
netic and Angular Surv^ng. With Four Plates. 3s. 6d.1: 

214. SLATE AND SLATE eC/'i4/?J?F/Ar(?, Scientific, Practical, and 
Commercial. By D. C. Davibs, F.G.S., Mining Engineer, &c. 3S.t 

264. A FIRST BOOK OF MINING AND QUARRYING, with the 
Sciences connected therewith, for Primary Schools and Self Instruction. By 
J. H. COLUNS, F.G.S. Second Edition, with additions, is. 6d. 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE-'ORDERS^Th^ Orders and their .Esthetic 

Principles. By W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE—STYLES^The History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A^ &c. Illustrated. 2s. 
*«* Orders and Styles of Architecture, in One Vol., 3; . 6d, 

18. ARCHITECTURE— DESIGN— Tht Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 

Greek and Gothic Architects. BvE.L.Garbbtt, Architect. Illustrated. 2s.6d. 

%* T%€ three precedintr IVorhs, in One handsome Vol., half bound, entitled 

" Modern Architecture," price 6s, 

22, THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building^ Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 2s.t 

25. MASONRY AND STONECUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.B.A., &c. 2s. 6d.4: 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect 

Tenth Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, by Edward £. Allen, C.E. 2s. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c. By G. R. Burnbll, C.E. Thirteenth Edition, zs. 6d. 

57. WARMING AND VENTILATION. An Exposition of the 
General Principles as apolied to Domestic and Public Buildings. Mines, 
Lighthouses, Ships, &c. By C. Tomlinson, F.R.S., &c. niustratod. 3s. 

III. ARCHES, PIERS, BUTTRESSES, ^c: Experimental Essays 

on the Principles of Construction. By W. Bland. Illustrated, is. 6d. 
The t indicates that these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued. 
ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the^Architect and 
Builder. By T. Kogbr Smith, M.R.I.B A., Architect. Illustrated, it. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC, In Ten Books. Translated from the Latin by 
TosKPH GwiLT, F.S.A., F.R.A.S. With 23 Plates, ss. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Axt in 
Greece. By the Earl op Aberdbbn. zs. 
*•* The tvoo f receding Works in One handsome VoL^ half bound, entitled "Ancbnt 

^^RCHiTBCTURB " ^rice 6s 

132. THE ERECTION OF DWELLING-HOUSES, Illustrated b^r 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and EstimateSf Sec. By 
S. H. Brooks. New Edition, with Plates, ss. 6d.t 

156. QUANTITIES 6* MEASUREMENTS m BricUayere', Masons', 
Plasterers', Plumbers', Painters', Papurhangers*, Gilders', Snuths*, Carpenters' 
and ToinetV Work. By A. C. Beaton, Surveyor. New Edition, zs. 6d. 

175. LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1891. A 
Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. Re- constructed. Re-written, and 
greatly Enlarged. By Franxis T. W. Miller, A.R.I.B.A. 650 pages. 
3s. 6d. ; cloth boards, 4s. [7***' Published . 

182. CARPENTRY AND yoiNERY—TwB, Elementary Prin- 

ciPLBS OF Carpentry. Chiefly composed from the Standard Woric of 
Thomas Tredgold, C.E. With a TREATISE ON JOINERY by E. 
Wyndham Tarn, M.A. Fifth Edition, Revised. 3s. 6d.X 

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 

accompany the above. With Descriptive Letterpress. 4to. 6s. 
185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass, &c. ; Unequal-sided, S<}uare-sided, Octagonal-sided, Round Umber 
and Stone, and Standing Timber, &c. By Richard Horton. Fiflth 
Edition. 4s. ; strongly bound in leather, 5s. 

187. HINTS TO YOUNG ARCHITECTS. By G. WlQHTWICK. 

New Edition. By G. H. Guillaumb. Illustrated. 3s. 6d.} 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : with a Course of Elementary Drawing for House-Painters, Sign- 
Writers. &c., and a Collection of Useful Receipts. By Elus A. Davidson. 
Fifth Edition. With Coloured Plates. 5s. clow limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting : 
Pointing; Paving, Tiling, Materials; Slating and Plastering j Practical 
Geometry, Mensuration, 8cc. By Adam Hammond. Seventh Edition, xs. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage and Ventilation. Fifth 
Edition. With 380 Illustrations. By W. P. Buchan. 3s. 6d.t 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE. By R. B. Grandy. ss. 

206. A BOOK ON BUILDING, Civil and EccUstastical, including 
Church Restoration. With the Theoiy of Domes and the Grieat Pyramid 
&c. By Sir Edmund Beckett, Bart., LL.t)., Q.C., F.R.A.S. 4s. 6A.t 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works. By 
Wyvill J. Christy, Architect. Wifh upwards of 160 Engravings on Wood, js.t 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 
By E. Wyndham Tarn, M.A., Archite ct. Second Edition, revised, n. 6d. 

The % indicates that these vols, ntay be had strongly bound at 6d, exim. 
7, stationers' hall COURT, LUDGATB HILL, E.C 
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Architecture, Building, etc., continued, 

229. ELEMENTARY DECORATION: as applied to the Interior 

and Exterior Decoration of Dwelling-Houses, &c. By J. W. Facby. 2S. 

257. PRACTICAL HOUSE DECORATION, A Guide to the Art 

of Ornamental Painting. By James W. Facey. 2s. 6d. 
\* The two preceding Works ^ in One handsome Vp/., half-bound^ entitled " "H^ovsn 
Decoration, Elementary and Practical," price $s, 

230. HANDRAILING, Showing New and Simple Methods for finding 

the Pitch of the Plank, Drawing the Moulds, Bevelling, Tointing-up, and 
Squaring the Wreath. By George Collings. Second Edition, Revised 
including A Treatise on Stairbuilding. Plates and Diagrams. 2S. 6d, 

247. BUILDING ESTATES : a Rudimentary Treatise on the Develop- 

ment, Sale, Purchase, and Greneral Management of Building Land. By 
Fowler Maitland, Surveyor. Second Edition, revised. 2s. 

248. PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M. Inst. C.E. Third Edition, corrected. Illustrated. 2s. 

252. BRICKWORK: a Practical Treatise, embodying the General 
and Higher Principles of Bricklaying, Cutting and Setting, &c. By F. 
Walker. Second Edition, Revised and Enlarged, is. 6d. 
23. THE PRACTICAL BRICK AND TILE BOOK, Comprising : 

189. Brick and Tile Making, by E. Dobson, A.I.C.E.; Practical Bricklay- 

165. ing, by A. Hammond ; Brickcutting and Setting, by A. Hammond. 534 
pp. with 270 Illustrations. 6s. Strongly half-bound. 

tSl'THE TIMBER MERCHANT'S, SAW-MILLER'S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With a Chapter on Speeds of Saw-Mill Machinery, &c. By 
M. Powis Bale, A.M.Inst.C.E. 3s.* 

258. CIRCULAR WORK IN CARPENTRY AND JOINERY, 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By George Collings. Second Edition, 2s. 6d. 

259. GAS FITTING: A Practical Handbook treating of every 

Description of Gas Laying and Fitting. By John Black. With 122 Illus- 
trations. 2s. 6d4 

261. SHORING AND ITS APPLICATION: A Handbook for the 
Use of Students. By George H. Biagrovb. is. 6d. ^Just published. 

265. THE ART OF PRACTICAL BRICK CUTTING (sf SETTING, 
By Adam Hammond. With 90 Engravings, is. 6d. [Just published. 

267. THE SCIENCE OF BUILDING: An Elementary Treatise on 
the Principles of Construction. Adapted to the Requirements of Architec- 
tural Students. By E. Wyndham Tarn, M.A. Lond. Third Edition, Revised 
and Enlarged. With 59 Wood Engpravmgs. 3s. 6d.t \^usi published. 

271. VENTILATION: a Text-book to the Practice of the Art of 
Ventilating Buildings, with a Supplementary Chapter upon Air Testing. By 
William Faton Buchan, R.P., Sanitary and Ventilating Engineer, Author 
of " Plumbing," &c. 3s. 6d.t [Just published. 

SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

$1. NAVAL ARCHITECTURE, An Exposition of the Elementary 
Principles of the Science, and their Practical Application to Naval Construc- 
tion. By J. Peaks. Fifth Edition, with Plates and Diagrams, jst 6d.t 

53«. SHIPS FOR OCEAN &* RIVER SER VICE, Elementaiy and 
Practical Principles of the Construction of. By H. A. Sommerfeldt. is. 6d. 
S3**. AN ATLAS OFENGRA VINGS to lUustrate the above. Twelve 
large folding plates. Royal 4to, cloth, js, 6d. 

54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Rox>es, 
8cc., relative to every class of vessels. By Robert Kjpping, N.A. 2s. 

The t indicates that these vols, may be had strongly bound a^6d. extra. 
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Shipbuilding, Navigation, Marine Engineering, etc., ctmi, 

S4*. IRON SHIP-BUILDING. With Practical Examples and Details. 
By TOHH Grantham, C.E. Fifth Edition. 48. 
55. THE SAILOR* S SEA BOOK: a Rudimentaiy Treatise on 
Navigation. By Jambs Grbbnwood, B.A« With numerous Woodcuts and 
Coloured Plates. New and enlarged edition. By W. H. Rossbr. as. 6d4 
80. MARINE ENGINES AND STEAM VESSELS. By Robert 
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by the 
Author and by Gborob Carlisle, C.E. 4s. 6d. limp ; 5s. cloth boards.. 
83*xj. THE FORMS OF SHIPS AND BOATS. By W. BlAnd. 
Seventh Edition, Revised, with numerous Illustrations and Models, is. 6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 

and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. 
106. SHIPS* ANCHORS, a Treatise on. By G. Cotskll, N.A. is. 6d. 
149. SAILS AND SAIL-MAKING. With Draughting, and the Centre 
of Effort of the Sails ; Weights and Sizes of Ropes : Masting, Rigging, 
and Sails of Steam Vessels, &c. X2th Edition. By R. Kipping. N JL, as. 6d.| 
155. ENGINEER* S GUIDE TO THE ROYAL 6f MERCANTILE 
NAVIES. By a Practical Engineer. Revised by D. F. M'Cartht. 3s. 
5c PRACTICAL NAVIGATION. Consisting of The Sailor's 
£ Sea-Book. By James Greenwood and W. H. Rossbr. To^;ether with 
^p.. the requisite Mathematical and Nautical Tables for the Workmg of the 
^* Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 

AGRICULTURE, GARDENING, ETC. 

61*.^ COMPLETE READY RECKONER FOR THE ADMEA- 
SUREMENT OF LAND, &c. By A. Arman. Third Edition, revised 
and extended by C. Norris, Surveyor, Valuer, &c. 2S. 

131. MILLER'S, CORN MERCHANT* S, AND FARMER* S 

READY RECKONER. Second Edition, with a Price List of Modem 
Flour-Mill Machinery, by W. S. Hutton, C.E. 2S. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2.0utlines op Modern Farming.) By R. Scon Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outlines of Modern Farming.) 2s« 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outunes of MoDBRif 
Farming.) By R. Scott Burn. Woodcuts. 2s. od. 
%* Nos. 140-1-2-5-6, tn One Vol., handsomely half-bound^ entitled " Outlinbs of 
Modern Farming." By Robert Scott Burn. Price izs, 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fifth Edition, 
enlarged, including Specimens ot New and Improved Breeds. 3s. 6d,t 

201. KITCHEN GARDENING MADE EASY. By George M. F. 
Glenny. Illustrated, is. 6d.l 

207. OUTLINES OF FARM MANAGEMENT, and the Organu 

zation of Farm Labour. By Ri Scott Burn. 2S. 6d.t 

208. OUTLINES OF LANDED ESTATES MANAGEMENT 
By R. Scott Burn. 2s. 6d.t 

%• Nos. 207 &* 208 in One Vol., handsomely half- bound, entitled " Outlines of 
Landed Estates and Farm Management." By R. Scott Burn. Price 6$. 

The t indicates that these vols, may be had strongly bound at 6d. exfrm. 
7, stationers' hall COURT, LUDGATE HILL, E.G. 
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231. COTTAGE GARDEJnXG: or. FTowas^ Frnts, and VegetaUes 

z^ GARDEX' RECEIPTS, Etfioed by Chaxlxs W. Qum. is.6d. 
?M. MARKET AXD KJTCHEX GARDESIXG. Bv C. W. Shaw^ 

29. DRAISIXG AXD EMRAX£IXG. A Pkactkal Ijcatise, em- 
fcrfwBgtihe Matt t«c««ce ipu.!kj B C* 5a AeApp T^jCMt ot lMMOW <e d Methods. 
B^JcKs Scare. bar FiaiiiiBi •£ Ae=aalcne aai Rnl ecawwy at tiie 

IRRIGATmXAXD WATER SUPPL K A Treatise on Water 
TfimftiBi ^1 ■ i|^i Ir^xSmk. ai Warpcv : tke CoKtractiM* of Weils, 
r^fli iinr FiMiiw'ii ■■ RrPM£.Jc»x>ocTT. WitikMmn.iaL6d. 

PARJf ROAIXS, PEXCES, AXD GATES, A Practical 
TEV^ae « tke Rn^ Tcorvan^ zal Wa2Ez«a?s of tke Fans; the 

Feaoes, Gates, and 
' JoMX Scott. ^TSc^ "5 fTTwntTaTiaB^ is. 6d. 

A i^acckcal Tieatise on tiie Bafldmgs 

Bt 'PtdL Jcasr Scott. Wixk 105 IDvs. ss. 

H^ EARS' mPLEMEXTS' AXD MACHINES A Practical 
TwttseoK Ae AfpBcaii— of INj w u. a> Ae Opeeatiuasof Agric»ltBre; and 

at|. FIELD niPLEMEKTS AXD MACHIXES A Practical 
TmriiiM OK Ae Tanetaes warn ix ocl witk Plciacrpues aad Details of Com- 
Uiiikig , thear^itsof EaBdleaccaaiMaga^enet. ^ ftoiessor Jomi 
Scorr. Witk 13* rTiniif Jiims . ss. 

lAC. AGRICULTURAL SURFETIXG. A Fkactical Treatise on 
^^ ~ ~ ~ErK«^^Le«eIE^,a»dSett!^-«a:aBioa JfeasKiacaadE 
Q w .t'f k i rv ITcnkBs* aad Talaes of IfantiaH, FrodaceL ^*~-*'. 
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BOOK cr Fasa EaBGQaaxcB&."' By FtodiesMv Joes Scorr. Prict vu. 

rsp. MEAT PRODUCTIOX. A Maonal for FkodnceB, DistzibiitaK, 
acL BrJoBsBvaKr. ss.6d.l 

i66l BOOK-KEEPIXG FOR FARMERS &* ESTATE OWNERS 



By J. M. Woopataat, CkKteccd Accaaataat. ss. 6d. dock liafi; js. 6d. 
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MATHEMATICS, ARITHMETIC, ETC. 

12. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Construction, Adjustment, Testinr, and Use concisely Explained. By J. F. 
Hbatbsr, M.A. Fourteenth Edition, revised, with additionS{ by A. T. 
Walioslby, M.I.C.E., Fellow of the Surveyors' Institution. Original Edi- 
tion, in z vol.. Illustrated. 2%^X [Jutt publish^. 

•»• In ordering the above, be careful to say, *' Original Edition " {No, 32), to ditttn' 
guiih it from the Enlarged Edition in 3 tfols. (No$, z68>9-70.) 

^b. DESCRIPTIVE GEOMETRYy an Elementaiy Treatise on; 
with a Theory of Shadows and of Perspective, extracted nrom the French of 
G. MoNGB. To which is added, a description of the Principles and Prmctice 
of Isometrical Projection. By J. F. Hkathbr, M.A. Wiui 14 Plates, ts. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane ana Geometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 2x5 Woodcuts, as. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Hadoon, 
M J^., Arithmetical Master of King's College School, London, xs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Eleventh Edition, xs. 6d. 

84*. A Kby to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the use of 
Teachers and Unassisted Learners. By J. K. YouNO. is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tablet by 
which all Calculations may be greatly facilitated. By W. Hipslby. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2S.. 
86*. A Kby and Companion to the above Book, forming an extensive reposit<»y of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Youno. xs. 6d. • 

88. EUCLID, The Elements of : with many additional Propositions 

80. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d4 

•«* Sold also separately, viz, .•— 

88. Euclid, The First Three Books. By Henry Law, C.E. is. 6d. 

89. Euclid, Books 4, 5, 6, 11, 12. By Hbnry Law, C.E. xs. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By Jambs Hann. A New Edition, by Professor J. R. Youno. 2S.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, xs. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charles H. Dowlino, C.E. xs. 
%• Or with " The Elements of Plane Trigonometry," in One Volume, 2s. 6d. 

93. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 
Baker, C.E. New Edition by £. Nugent, C.E. Illustrated, is. 6d. 

loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOUSE, F.RA.S., &c. xs. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Hombrsham Cox, B.A. Illustrated, xs. 
136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by A. Aruan. xs. 6d. 
' X37. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

The t indicates that these vols, may be had strongly bound at 6d. extra, 
7, stationers' HALL COURT, LUDGATE HILL, E.C. 



lO W£ALE'S RUDIMENTARY SERIES. 

Mathematics, Arithmetic, etc., continued, 

i68. DRAWING AND MEASURING INSTRUMENTS. Indud- 
ing^I. Instruments employed in Greometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments tised for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J . F. Heather, M.A. Illustrated, is. 6d 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Mbathbr, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Includinjg;' — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M JV.. Illustrated, is. 6d. 
%* The above three volumes form an enlargement of the Authof's original zvcrh 
** Mathematical Instruments*^ (See No. 32 in the Series.) , 

les^iMATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. r M.A. Enlarged Edition, for the most part entirely 're-wntten. The 3 Parts as 

170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 

full, easy, and simple Instructions to perform all Business Calculations wiu 

unexampled rapidity and accuracy. By Charles Hoarb, C.E. Fifth 

Edition. With a Slide Rule in tuck of cover. 2s. 6d.t 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F^dor Thoman. \s.t 

199. THE COMPENDIOUS CALCULATOR ; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Useful Tables. By 
D. O'GORMAN. Twenty-seventh Edition, carefully revised by C. XORRis. 
2s. 6d., cloth limp ; 3s. 6d., strongly half-bound in leather. 

204. MATHEMATICAL r.4^Z^*S', for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J. R. Young. New Edition. 4s. 
J04*. LOGARITHMS, With Mathematical Tables for Trigonometrical, 
Astronomical, and Nautical Calculations. ByHBNRYLAW,M.Inst.C.E. New 

* and Revised Edition . ( Forming part of the above Work) .3s. 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S.. F.S.S. Sixth Edition. 2s4 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
fation, by means of Arithmetical and Simple Algebraical Equations and 
'ractical Examples. Bv Francis Campin. C.E. Second Edition. 3s.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC, 

1. CHEMISTRY. By Professor George Fownks, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of. By 

C. Tomunson. Woodcuts, is. 6d. 

6. MECHANICS, Rudimentary Treatise on. By Charles Tom- 

LiNSON. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles ot Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabine, C.E., F.S.A. is. 6d. 
7*. GALVANISM. By Sir W. Snow Harris. New Edition by 
Robert Sabine, C.E., F.SA. is. 6d. 

8. MAGNETISM; being a concise Exposition of the General Prin- 

ciples of Magnetical Science. By Sir W. Snow Harris. New Edition, 
revised by H. M. Noad, Ph.D. With 165 Woodcuts. 3s. 6d.t 

The X indicates that these vols, may be had strongly bound at 6d. extra, 
LONDON: CROSBY LOCKWOOD AND SON, 



WSALE'S RUDIMENTARY SERIES. II 

Physical Science, Natural Philosophy, etc., continued, 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 3s. 

12. PNEUMATICS^ including Acoustics and the Phenomena of "^^^d 

Currents, for the Use of Beginners By Charlbs Tomunson, F.R.S. 
Fourth Edition, enlarged. Illustrated, xs. 6d. [Just published, 

72. MANUAL OF THE MOLLUSCA ; a Tireatise on Recent and- 
Fossil Shells. By; Dr. S. P. Woodward. A.L.S. Fourth Edition. Tl^th 
Plates and 300 Woodcuts. 7s. 6d., cloth. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by William Thynnb Lynn, B.A., F.R.A.S. as. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Bakbr, C.E. Fourth Edition, is. 6d. 

173. PHYSICAL GEOLOGY, partly based on Major-General PORT- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S., &c. Woodcuts, ss. 

174. HISTORICAL GEOLOGY, partiy based on Major-General 

P0RTL0CK*s " Rudiments." By Ralph Tatb, A.L.S., &c. Woodcuts. 2S. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's "Rudiments of 

174. Geology." By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in Univn«ty 
184,. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 
** %* Sold also in Tkuo Paris, as follows : — 

183. Animal Physics. By Dr. Lardnbr. Part I., Chapters I.— VII. as. 

184. Animal Physics. By Dr. Lardnbr. Part 11., Chapters VIII.— Xvlll. 39, 

269. LIGHT : an Introduction to the Science of Optics, for the Use of 
Students of Architecture, Engineering, and other Applied Sciences. By £. 
Wyndham Tarn, M.A. is. 6d. [Just published. 



FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, &c. By Gborgb Pynb. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS. From the Grerman of Dr. Gbssert and Emanuel Otto From- 
BERG. With an Appendix on The Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charlbs Child Spbncbr. as. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spbncbr. is.6d. 
^^•^i, MUSIC isf THE PIANOFORTE, In one vol. Half bound, cs. 
181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Painting on Ivory, Vellum. Pottery, Enamel, 6lass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Guluck, assisted by 
John Tibibs, F.S.A. Fifth Edition, revised and enlarged. <%.% 
186. A GRAMMAR OF COLOURING, applied tc Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, &c. 3s.t 

246. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lining and Restoring, Schools of Painting, &c. With Notes on Uie Copyists 
and Imitators of each Master. By Philippe Daryl. 2S. 6d.| 

The X indicates that these vols, may be had strongly bound at 6d, extra, 
7, STATIONERS' HALL COURT,. LUDGATE HILL, E.C. 



12 wbalb's rudimentary series. 

INDUSTRIAL AND USEFUL ARTS. 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- 
ture of. By E. DoBSON, M.R.I.B.A. Illustrated, 334 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Bbckbtt, LL.D., Q.C. Seventh Edition, revised and en- 
larged. 4s. 6d. limp : 5s. 6d. cloth boards. 
83**. CONSTRUCTION OF DOOR LOCKS, Compiled from the 
Papers of A. C. Hobbs, and Edited by Charles Tomunson. F.R.S. 2s. 6d. 

162. THE BRASS FOUNDER* S MANUAL; Instructions for 
Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 
Bronzing, &c. "With copious Receipts, &c. By Walter Graham. 2s4 

205. THE ART OF LETTER PAINTING MADE EASY. By 
T.G.Badbnoch. Illustrated with 12 full-page Engravings of Examples. xs.6d- 

215. THE GOLDSMITHS HANDBOOK, cont^ning fiifi Instnic 
tions for the Alloying and Working of Gold. By George E. Gee, 3s4 

225. THE SILVERSMITHS HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver. B^ George E. Gee. js.t 
%• The two preceding Works^ in One handsome Vo*., half-bound^ entitled ** The 
Goldsmith's & Silversmith's Complete Handbook,'* js. 

249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED. By George E. Gee. ^s4 

224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive. By J, W. Burgess. 2s. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M JV., Precentor of Ely Cathedral. Illustrated. 2S. 6d.t 

262. THE ART OF BOOT AND SHOEMAKING. By John 

Bedford Lbno. Numerous Illustrations. Third Edition. 2s. 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the Various Kinds of Artificial Dentures, with Formulae, 
Tables, Receipts, 8cc. By Charles Hunter. Third Edition. 3s. f 
270. WOOD ENGRA VING : A Practical and Easy Introduction to 
the Study of the Art. By W. N. Brown, is. 6d. 



MISCELLANEOUS VOLUMES. 
36. A DICTIONARY OF TERMS used in ARCHITEC7URE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE- 
OLOGY, the FINE ARTS, 6fc, By John Weale. Fifth Edition. Revised 
by Robert Hunt, F.R.S. lUustratea. ss. limp ; 6s. cloth boards. 
SO. THE LAW OF CONTRACTS FOR fVORKS AND SER- 
VICES, By David Gibbons. Third Edition, enlarged, js.t 
112. MANUAL OF DOMESTIC MEDICINE. By R. GooDiNG, 
B A., M.D. A Family Guide in all Cases of Accident and Emergency. 2s.l 
112*. MANAGEMENT OF HEALTH. A Manual ot Home and 
Personal Hygiene. By the Rev. James Baird, B.A. is. 
ICO. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. ss. 

154. GENERAL HINTS TO EMIGRANTS. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
Tames Mann, F.R.A.S., F.M.S. Second Edition. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Knollys, F.R.G.S. With 163 Woodcuts, ^s-t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, &c. By An Old Housekeeper. 3s. 6d.t 

I94» HOUSE BOOK [The). Comprising :— I. The House Manager. 

112 & Bv an Old Housekeeper. II. Domestic Medicine. By R. Goodino, M.D. 

II2«. III. Management of Health. By J. Baird. In One Vol., half-bound, 6s. 

The X indicates thai these vol*, may be had strongly bound at 6d. extra. 
LONDON : CROSBY LOCKWOOD AND SON, 
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EDUCATIONAL AND CLASSICAL SERIES. 



HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of tne English Constitution. By 
WiLUAM Douglas Hamilton, F.S.A., of Her Majesty's Public Recoxd 
Office. 4th £di tion, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of: in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Ballioi 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of; from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Ballioi College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarke, D.C.L. Fourth Edition, xs. 6d. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above xoo,ooo Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ,* cloth boards, 4s. 6d. ; complete with tiie Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, fomiliarly Explained for 

those who have neelected the Study of Grammar. By Justin Brbnan. 
x8th Edition, xs. 6a. 

49. Derivative Spelling-Book: Giving the Origin of Every Word 

from the Greek, Latin, Saxon, Grerman, Teutonic, Dutch, French* Spanish, 
and other Languages ; with their present Acc^tation and Pronunciation. 
By J. RowBOTHAM, F.R Jl.S. Lnproved Edition, xs. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-Greneral and Professor at the 
Sorbonne. Translated from the French. 8th Edition, car^iUly corrected. 2s. 6d. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. xs. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborgb E. Wbbstbr. bs. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and HonMrary Canon of Ely; 

formerly H.M. Inspector of Schools. 
Introductort Primbr, 3«f. 

s. d. 

First Standard . .06 



Second „ . . o 10 

Third „ . . x o 



«. d. 
Fourth Standard . . . x a 
Fifth "• ,,....16 
Sixth' „ . . . .16 

Lbssons from thb Biblb. Part I. Old TestamMit. is. 

Lbssons from thb Biblb. Part II. New Testament^ to idiich is added 
Thb Gbooraphy of thb Biblb, for very younf Children. By Rev. C. 
Thornton Forstbr. is. 2d. %* Or theTwoParts in One Yelvme. as. 

7, STATIONERS' HAIrL COURT, LUDGATS HILL, E.G. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Claude Hamilton, is. 6d. 

151I7. Greek Lexicon. Containing all the Words in General Use, with 

their Significations, Inflections, and Doubtful Quantities. By Hbnrt R. 
Hamilton. Vol. i. Greek-English, 2s. 6d. ; Vol. 2. English- Greek, 2s. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, zs. 6d. 
2, 3. Xenophon's Anabasis ; or. The Retreat of the Ten Thousand. 
Notes and a Greographical Register, by H. Young. Part i. Books i. to iii., 
IS. Part 2. Books iv. to vii., is. 
4. Lucian's Select Dialogues. The Text carefiillv revised, with 
Grrammatical and Explanatory Notes, by H. Young, zs. 6d. 

5-12. Hoxaer, The Works of. According to the Text of Basumlein. 

With Notes, Critical and Ezplanatorjr, drawn from the 1 est and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L- 

Lbary, M.A., D.C.L. 

Tbb Iliad : Part i. Books i. to vi.j is.6d. Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Books vii. to xii.,zs.6d. Part 4. Books zix. to xxiv., zs. 6d. 

Tbb Odyssby : Part z. Books i. to vi.^ zs. 6d Part 3. Books xiii. to xviii., zs. 6d. 

Part 2. Books vii. to xii.,zs.6d. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 

13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 
14-17, Herodotus, The History of, chiefly after the Text of Gaisfoed. 
With PreliminaiT Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary. M.A., D.C.L. 

Part z. Books i., ii. (The Clio and Euterpe), 2s. 
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Part 2. Books iii., iv. (The Thalia and Melpomene)^s. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, zs. 6d. 

18. Sophocles ; G£dipiis Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 
Critical and Enlanatoiy, by the Rev. John Milnbr, B.A. 2s. 

«3. Burlpides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by W. Brownrigo Smith, 
MA., F.R.G.S. zs.6d. 

26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Criticail and Explanatory, by John Milnbr, B A. zs. 6d. 
30. ^£schylus : Prometheus Vmctus : The Prometheus Bound. From 

the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 

by the Rev. Jambs Davibs, MA. zs. 
32. ^£schylus : Septem Contra Thebes : The Seven against Thebes. 

From the Text of Dindorf. Edited, wiUi English Notes, Critical and Ex- 

planatory, by the Rev. Jambs Davibs, MA. zs. 

40. Aristophanes : Achamiams. Chiefly from the Text of C. H. 

Wbisb. With Notes, by C. S. T. Townshbnd, M.A, zs. 6d. 

41. Thucydides : History of the Peloponnesian War. Notes by H. 

Young. Book z. zs. fid. 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. F. W.Jbwftt. zs.6d. , ., ™ .,. . 

43. Demosthenes. The Oration on the Crown and the Phihppics. 
With English Notet. By Rev. T. H. L. Lbary, D.C.L., formerly Scholar of 
Brasenose College, Oxford, zs. 6d. 
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